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Abstract
In this work a comprehensive study of a colloidal InP/ZnS nanocrystals (NC)
as the colour conversion material for white light emitting diodes (WLED)
is shown. Studied nanocrystals were synthesised by wet chemistry using
one pot, hot injection method. A quantum eﬃciency (QE) of photolumines-
cence joined with a time resolved photoluminescence (TRPL) measurements
of NCs covering the visible light spectrum range revealed a presence of a pop-
ulation of NCs that does not emit light upon photon absorption and it is
signiﬁcantly higher for a larger particles. By modifying local density of opti-
cal states, radiative and non-radiative recombination rates were determined
and QE of 63% for the population of NCs that emit light was derived. A
search for source of exciton losses in bright nanocrystals temperature re-
solved TRPL was studied and it revealed carrier trapping most likely at
core-shell interface as well as at the surface and which competes with bright
and dark exciton states. A presence of long-lived dark excitons and trapped
charges lead to strong Auger recombination at high (relative to the trapping
times) excitation. A colour conversion eﬃciency of the nanocrystals upon
light absorption and in a process of resonant energy transfer varied from
0.03 to 0.05% and from 0.6 to 4.8 %, respectively. Finally, an analysis of
luminous eﬃcacy of radiation of hybrid WLEDs revealed that it is close to
the theoretically predicted ∼ 300 lm/W for phosphor based WLED.
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Chapter 1
Introduction
One of the major current challenges which the world is facing is reduction
of energy consumption and the carbon footprint it have on the planet. As
a result there is a pressure to ﬁnd light sources which would combine high
eﬃciency of the high pressure sodium vapour discharge lamp and the quality
of light emitted by the incandescent lamp. The saving could be signiﬁcant
as lighting accounts for 17.5% of the world electricity consumption [1].
Semiconductor nanocrystals based white light emitting diodes are one
of the technologies considered to be the future of white light generation be-
cause they combine advantages of electrical conductivity of the blue emitting
diode and unique optical properties of the nanocrystals [2]. Semiconductor
nanocrystals are particles with a crystalline structure consisting of no more
than 10000 atoms which corresponds to their maximum size of 10 nm [3].
Their properties are signiﬁcantly changed in comparison to bulk materials
because of their ﬁnite size. In bulk semiconductors, energy band gap is a
parameter which depends on the material itself and it doesn’t change with
the size of the sample. Tunability of quantum conﬁnement and therefore of
the electron wavefunction with the size, shape and structure of nanocrystals
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allows modiﬁcation of their absorption and emission [4] making design of the
spectral properties of resulting white light easy [5]. The simple and cheap
fabrication makes them particularly attractive.
As a results of the rising interest in the unique properties of nanocrys-
tals [6], a synthesis of the semiconductor nanoparticles, also referred to as
quantum dots to emphasize the small dimensions compared with electron
wavefunctions, has seen a huge progress [7] during past three decades. A con-
trol of their size, shape and quality, which is prerequisite for all applications,
has been achieved by separating two phases of the synthesis: nucleation and
growth by rapid injection of precursors into a hot solution where the reac-
tion takes place [8].
InP/ZnS core-shell nanocrystals can be fabricated using rapid one pot,
one step synthesis [9, 10] and for experiments described below, they were
synthesized using one pot, hot injection method [11]. All the InP/ZnS spec-
imens were purchased from NN-Labs [12] and details of the synthesis de-
scribed below are based on their publications [11]. InP cores were grown
at 190oC under constant evacuation and reﬁlling with argon for water and
oxygen free reaction. Nanocrystals of increasing sizes (and thus diﬀerent
emission wavelengths) were obtained by adjusting time of the reaction [4].
For the growth of the 0.3 nm thick ZnS shell, nanocrystals solution was kept
at 220oC for half an hour. Finally the nanocrystals were extracted from
the reaction liquid by centrifuging, ﬁltering, rinsing and octadecylamine has
been added to passivate the surface of the nanocrystals as well as keep
them apart from each other to avoid clustering. Schematic illustration of
nanocrystals is shown in ﬁgure 1.1.
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Figure 1.1: Schematic illustration of structure of InP/ZnS nanocrystal.
Important task in synthesis of nanocrystals is to achieve high external
quantum eﬃciency for all sizes of nanocrystals for applications such as solid
state lighting [13]. An excellence has already been demonstrated in the fabri-
cation of Cd and Pb based core/shell nanocrystals, which have shown photo-
luminescence decaying as a single exponential function and a quantum yield
of photoluminescence near unity [14, 15], however the toxicity of cadmium
and lead based compounds limits their applications. On the other hand, a
less-toxic III-V equivalent material, InP, requires further improvement of the
nanocrystal synthesis [9, 11]. Core/shell InP/ZnS nanocrystals still do not
have as high photoluminescence quantum yield as II-VI nanocrystals and
exhibit wide size distribution giving rise to large full width half maximum.
InGaN/GaN blue emitting diode has been proposed [2] as the excita-
tion source for nanocrystals as it is the only material system providing high
enough energy of photons able to excite even the smallest nanocrystals (with
absorption edge in the region of 450 nm) and because it emits in blue. Diode
fabricated from this material show relatively high eﬃciency even though
there are still several factors which limit their quality such as availability
of lattice matched substrates on which GaN could be grown without the
lattice strain. This results in a high density of treading dislocations [16, 17]
bringing the internal quantum eﬃciency down. Additionally the diodes,
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which are grown on c-plane sapphire substrates show piezoelectric polariza-
tion within the InGaN quantum well that causes the large build-in electric
ﬁeld complicating the recombination process. Some groups argue that the
electric ﬁled in the quantum wells, at room temperature, is much stronger
than Coulomb forces, prohibiting electron - hole pairs to form excitons which
brings the probability of photoluminescence down [18]. Another factor ef-
fecting the quality of the InGaN/GaN diodes is the indium inhomogeneities
and indium segregation in the active region causing exciton localization [19].
This in opposite is believed to enhance the probability of photon emission by
spatially conﬁning wavefunctions of electrons and holes [19]. Even though
InGaN/GaN diodes have such complicated basic optical properties and the
extraction of light is challenging (caused by huge diﬀerence in refractive in-
dex of emitted photons (n=2.4) and air) the external quantum eﬃciency has
reached 40% and is constantly improving [20].
Resonant energy transfer alongside optical absorption can be used to
excite carriers in the nanocrystals. Resonant energy transfer (RET) is the
process of non-radiative transmission of excitation energy from an excited
state donor to the ground state acceptor. As this transfer relies on the
Coulomb interactions, decay rate scales down with the distance between
donor and acceptor and the dependence of the distance changes with the
geometry of the device [21]. Another requirement for the eﬃcient energy
transfer is the large spectral overlap of the donor emission with acceptor
absorption and parallel orientation of their dipoles.
Experimental realization of device consisting of electrically driven GaN
diode with InGaN quantum wells in close proximity of the monolayer of
CdSe nanocrystals has shown eﬃciency in the order of 13% from which 10%
was assigned to RET [13]. It is signiﬁcantly lower that theoretically pre-
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dicted 55% [2] due to interplay between requirement of minimizing the dis-
tance between QW and nanocrystals and capping the quantum wells with
thick barrier in order to minimize non-radiative losses. Etching through
the InGaN quantum wells with thick barrier and ﬁlling the gaps with CdS
nanocrystals was proposed [22] in order to resolve this issue. Eﬃciency of
photoluminescence achieved in such device was 20% which was signiﬁcantly
higher than in the non-pattern device. Tunability of nanocrystals emission
spectrum, gives the possibility of designing white light quality: by mixing
few sizes of nanocrystals any correlated colour temperature with high ren-
dering index can be achieved [23].
In this work, a concept of using InP/ZnS nanocrystals for white light
emission from hybrid device consisting of layer of nanocrystals in close prox-
imity of InGaN/GaN blue emitting diode is presented. Radiative (optical
absorption) and non-radiative (RET) excitation methods are exploited to
achieve colour conversion with possible simultaneous increase of device eﬃ-
ciency. Analysis of necessary conditions for colour conversion and methods
of generating good light quality are described.
In the 2nd chapter necessary terms are introduced followed by the overview
of existing technology of generation of white light from solid state devices. In
chapter 3 the characterization methods of InP/ZnS nanocrystals are describ-
ing. In chapter 4 time-resolved photon counting technique is used alongside
integrated photoluminescence measurements to determine InP/ZnS quan-
tum eﬃciency and the low temperature time resolved photoluminescence is
used to get insight into exciton dynamics. In the ﬁfth chapter calculation of
colour conversion eﬃciency of radiative and non-radiative excitation meth-
ods is shown followed by analytical determination of condition necessary for
high quality of white light radiated from hybrid diode in chapter 6. Finally
12
conclusions are drawn from the work undertaken during the Ph.D period
and described below.
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Chapter 2
White Light Emitting Diodes
In this chapter deﬁnitions of terms in photometric and radiometric metrol-
ogy systems relevant for the work in this thesis is provided followed by short
description of ways of white light generation from solid state devices.
2.1 Theory
In Europe, the guidance on how to deﬁne and evaluate the quality of light
and its generation eﬃciency is given by International Commission on Illumi-
nation, called also CIE from its French name Commission Internationale de
l’Eclairage which also serves as international standardization body. Detailed
guidelines on metrology and application in the ﬁeld of light and lighting are
described in CIE documents. They provide basic deﬁnitions of terms such
as white light, black body radiator or chromaticity coordinates.
The human eye does not detect all the wavelengths equally; it is most
sensitive in the green spectral region near 555 nm: the eye response function
V (λ), also called luminosity function, shown in ﬁgure 2.1, determines how
eﬀective, in stimulation of an eye, wavelengths in a visible range are. For
14
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Figure 2.1: Eye response function for photopic vision deﬁned by CIE 1924.
The human eye is most sensitive in the region of 555 nm.
simplicity and clarity some of the values in this document will be given in
radiometric system (as those are very often the measured ones), which diﬀer
from analogues photometry values by the value of eye response function.
The change of the metrology system will be clearly stated.
White light can be understood as the continuous electromagnetic radia-
tion in the wavelength range where the human eye shows sensitivity.
Figure 2.2: Spectrum of the black body radiator as a function of temper-
ature. The spectral radiance increases with increasing black body’s colour
temperature.
15
Figure 2.3: Planckian locus with lines of constant correlated colour temper-
atures and monochromatic emission wavelengths on the edge of the chro-
maticity space deﬁned on CIE 1931 chromaticity diagram.
An ideal source of white light is the black body radiator, the spectrum of
which depends only on body temperature (ﬁgure 2.2), which is called the
Planck spectrum and which is described by Planck’s law (equation 2.1)
Lλ(T ) =
2 · h · c2
λ5
· 1
e
h·c
λ·kB ·T − 1
, (2.1)
where Lλ is spectral radiance (in radiometry; luminance is analogues pho-
tometric unit), h is Planck constant, c is speed of light in vacuum, λ is
wavelength of radiation, kB is Boltzman constant and T is temperature.
In photometry, white light is mathematically deﬁned by chromaticity
coordinates from which ﬁrst two are dimensions on chromaticity diagram
and the third one is luminance or density of luminous intensity in given
direction (cd/m2). The black body radiator, is deﬁned on the chromaticity
diagram as a line called planckian locus, shown in ﬁgure 2.3. Its shape is
speciﬁed by the changes of black body’s colour temperature from deep red
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at low temperatures to blue at high temperatures. The distance between
coordinates of the given light source and the planckian locus is called co-
ordinates distance (CD) and is used to deﬁne white light. The light with
chromaticity coordinates spaced from the planckian locus not further that
5.4 · 10−3 represent white light.
CIE identiﬁes two values which describe light quality: colour rendering
index (CRI) and correlated colour temperature (CCT ). The colour ren-
dering index gives information about the ability of a light source to faith-
fully reproduce colours of various objects in comparison with a natural light
source for example daylight. If the light appearing white to eye, illuminates
an objects of diﬀerent colours and the colours of those objects appear dif-
ferent under this illumination than under the sun light it means that the
light sources CRI is lower than the maximum possible value of 100 of a
black body radiator (the theoretical minimum value of white light’s CRI
is 0). This comparison method, for 8 diﬀerent test colour samples, is used
to quantify CRI of any white light source. Motorway lighting often uses
high discharge lamps ﬁlled with sodium vapours which produce yellow – or-
ange light and is missing radiation in the rest of the spectrum. The CRI
index of this sort of light is low and its value is around 20. CIE recommends
the use of light sources with CRI not lower than 80, for most of the indoor
applications.
The International Commission on Illumination gives the following deﬁ-
nition of the CCT : the correlated colour temperature is the temperature of
the planckian radiator whose perceived colour most closely resembles that
of the given stimulus, at the same brightness and under speciﬁc viewing
conditions [24]. CCT has only meaning for white light as it gives indication
on its appearance – it is perceived warm for the values of CCT below 3300
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K and cool when the light has a lot of blue radiation with CCT value above
5000 K, CCT between 3300 K and 5000 K is perceived as neutral. Corre-
lated colour temperature is an important parameter for lighting designers,
it helps to decide which light source is suitable for certain applications. For
example, lamps generating warm light are used for domestic applications,
neutral ones for oﬃce spaces and cold ones for hospitals. Up to date, light
produced by commercially available solid state devices have relatively high
eﬃciencies with good colour rendering indices for neutral and cool white
light, however, the source for domestic applications is still missing.
The photometric value of luminous eﬃcacy of radiation (ηR) is a measure
of how eﬃciently the solid state device produces light in a visible range. It
is the ratio of the amount of light generated by the light source - luminous
ﬂux Φlum to its power deﬁned as the radiant ﬂux Φrad of the sources output,
and it is expressed in units of lumen per watts.
ηR =
Φlum
Φrad
(2.2)
In an ideal situation, pure monochromatic green light with emission at sin-
gle wavelength of 555 nm, where the human eye is most sensitive, reaches a
luminous eﬃcacy of 683 lm/W. For a continuum spectrum in visible range,
the maximum theoretical value is considered to be anywhere between 260 -
300 lm/W if the luminous energy is evenly spread across the visible range
[25]. Its value depends on the chosen range of the visible radiation.
The luminous eﬃcacy of light source, as opposed to the luminous ef-
ﬁcacy of radiation ηR, is a measure of how eﬃciently the visible light is
produced from the input power, for example an electrical (I · V ) or a chem-
ical power. Its unit is lm/W, the same as in the case of luminous eﬃcacy of
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Light source ηR
(lm/W)
η (%) CCT (K) CRI
Ideal 555 nm [26] 683 100 NA NA
Black body [27] 54.7 8 4000 100
82 12 5000 100
95.9 14 6636.4 100
Theoretical
phosphor based
white LED [25]
260 - 300 38 - 44 4700 100
73 W white LED
[28]
73 11 2700 82
30 W compact
ﬂuorescent [28]
65 10 2500 80
40 W tungsten
incandescent [28]
10.4 1.5 2700 100
600 W high
discharge sodium
vapour [28]
150 22 2000 20
Table 2.1: Comparison of diﬀerent light sources with theoretical predictions
for white light emitting diodes. Values of luminous eﬃciency has been cal-
culated on the assumption that its maximum value 100 % is for luminous
eﬃcacy of radiation of 683 lm/W.
radiation. For the diode, it is deﬁned as the ratio of the luminous ﬂux and
the electrical power.
To avoid confusion, luminous ﬂux is often replaced with radiant ﬂux re-
sulting in radiometric measure of light source eﬃciency. In this case it is
represented as a percentage and called eﬃciency of a light source η:
η = ΦR
I · V (2.3)
In a table 2.1 luminous eﬃcacy of radiation, eﬃciency of a light source,
CRI and CCT of a few diﬀerent sources are compared. Looking at the ideal
source - black body radiator shown for diﬀerent correlated colour tempera-
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tures it is clear that high luminous eﬃcacy of radiation can be achieved for
higher values of CCT and it has to be sacriﬁced if lower temperatures are
required. This is an eﬀect which can be seen on the ﬁgure 2.2, where the
black body for higher colour temperatures shows higher values of spectral
radiance Lλ.
2.2 Overview of methods of white light generation
from solid state devices
White light can be generated from solid state devices in several ways and,
with time, new methods are being researched. Since the ﬁrst light emitting
diode has been developed [29], a huge progress has been achieved in terms
of LEDs wavelength emission and the eﬃciency. However up to now light
quality and eﬃciency of white light emitting diodes (WLED) haven’t satis-
ﬁed all conditions needed for the lighting applications. Below, a description
of the currently used technologies in producing white light from solid state
devices are presented, including comments on its performance.
Diode based WLEDs
The generation of white light from a nearly monochromatic solid state de-
vice can be achieved by adding the spectra of multiple diodes. Theoreti-
cally, to achieve white light, any two light sources can be used, provided
they have the right power ratio and emit at the wavelengths which chro-
maticity coordinates connected by straight line, cross the planckian locus
on the chromaticity diagram as shown by points (x1, y1) and (x2, y2) in ﬁg-
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Figure 2.4: Illustration of principles of colour mixing based on two light
sources with chromaticity coordinates xi and yi. The resulting white light
source has the (x,y) coordinates. RGB triangle for mixing three colours is
also shown. Image sourced from [30].
ure 2.4. If three or four spectra of diodes are mixed, the resulting white
light has a chromaticity coordinates which are a linear combination of the
individual chromaticity coordinates weighted by density of luminous inten-
sity (also shown in ﬁgure 2.4 by sRGB blue, sRGB green and sRGB red
points). It means that resulting light’s coordinates are enclosed in the area
which is formed by connecting the chromaticity coordinates of emission from
individual diodes. For example, for diodes emitting in blue, red and green
(RGB), schematically shown in ﬁgure 2.5, almost all colour temperatures of
white light can be obtained.
For the dichromatic WLED, GaN with InGaN quantum wells of various
indium content is used to produce purple-blue (380 nm) to green-blue (486
nm) light emission. Materials such as GaP, GaAsP or AlGaInP with emis-
sion in the yellow-green, orange to red region respectively, are being used as
complimentary sources to blue light. Generation of white light with those
21
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Figure 2.5: Schematic illustration of generation of white light based on
multiple diodes emitting, for example, in red, green and blue.
materials can be realized as two separate diodes mounted next to each other
in the diode housing, or in a single chip of semiconductor with two active
regions emitting at diﬀerent wavelengths. The later was demonstrated with
a GaN based device which was designed to have two quantum wells from
which ﬁrst had an emission in blue (450 nm) and the second in yellow (520
nm) spectral region [31]. This type of devices, theoretically, can achieve very
high luminous eﬃcacy of radiation with the value of 440 lm/W [30], however
their colour rendering index will be poor, as the spectrum contains only two
nearly monochromatic peaks. This type of diode can ﬁnd application in the
areas where high illumination levels are required, however its quality is not
important such as parking lots or street lighting.
For applications where the quality of light is crucial, the use of more
than two diodes covering, with their emission, wider spectrum is necessary.
The most common combination uses red, green and blue chips conveniently
called RGB. Increasing the number of sources emitting at diﬀerent wave-
lengths gives the ﬂexibility of adjusting the correlated colour temperature
and simultaneously improves the CRI value but decreases the luminous ef-
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ﬁcacy. It has been demonstrated that cool white light with 6500 K CCT
and CRI value of 84 can be generated by the diodes emitting at 450, 540
and 610 nm with full width half maxima of their spectra (FWHM) of 23
nm, 44 nm and 19 nm respectively [32]. For luminous ﬂuxes ratio adjusted
to achieve CCT of 6500 K luminous eﬃcacy of radiation as high as 319
lm/W can be realized. The resulting white light spectrum covering the wide
part of the visible radiation with three peaks from which the widest had its
maximum around the wavelength were the eye is most sensitive to light has
contributed to the accomplished results.
The spectral properties of the diodes, such as the luminous ﬂux, the
maximum emission wavelength and the spectral width of emission, are very
sensitive to changes of the temperature of the device which can rise with
increased current supply or extended working time. The chromaticity co-
ordinates of white light depend on all of these spectral properties, so even
a small variation of one of them will change the appearance of white light.
Each diode then needs to have its own electronic control system adjusting
the value of the current supply and in result luminous ﬂux (Φlum) of the
diode so that the desired quality of white light remain unchanged. However
this increases the currents needed to run the device and results in decreased
eﬃciency of the WLED. The need for this current regulation system for
each colour chip in a diode brings the overall production costs up causing
restricted applicability of multicoloured WLEDs.
Colour conversion based WLEDs
In 1994, high brightness blue InGaN/AlGaN LED has been developed [33]
and, since then, the idea of using it as a basis for the white light emit-
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ter has been explored. The 2.7% value of external quantum eﬃciency for
the emission of 450 nm with FWHM of 70 nm of a diode driven at 20
mA was the highest reported at the time. Even though it now seems very
low, this power of emission was enough to excite the wavelength convert-
ing medium Y3Al5O12:Ce, commonly called YAG or phosphors, and obtain
white light [34].
whitelight output
LED chip
layer of colour converting
material
bonding wire
diode housing
cathode -anode +
Figure 2.6: Schematic illustration of LED generating white light based on
colour conversion method.
Light emitting diode generating white light based on the colour conver-
sion method consists of GaN chip with InGaN quantum wells, emitting high
energy photons, surrounded by a dome ﬁlled with material used to down-
convert part of the emission spectrum of the chip suspended in silica (ﬁgure
2.6). Both spectra, blue and yellow, from colour converting medium, add
up to provide the impression of white light. The spectrum of such white
light emitting diode can achieve high values of luminous eﬃcacy due to the
fact that yellow peak is wide and covers most of the wavelength range under
eye response function, shown in ﬁgure 2.7. As the spectrum contains only
two peaks (even if the yellow one is wide) colour rendering index can be
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Figure 2.7: Typical spectrum of YAG based WLED (solid line) with eye
response function (dashed line) [28]
improved by use of mixture of diﬀerent down converting materials. Similar
to generation of white light from multicolour diodes, mixing of phosphors
emitting in blue, green and red was proposed to better approximate the
spectrum of a black body radiator [35]. Device with RGB phosphors has
improved rendering capabilities of the WLED with the CRI value above 90,
however its eﬃciency dropped due to energy losses in the materials down-
converting blue emission into red (Stoke’s shift). It has been theoretically
predicted that due to the Stoke’s shift blue to red conversion eﬃciency can
reach value 65% at most [30].
Phosphor based diodes has shown good quality white light with high
luminous eﬃcacies however the main disadvantage of this technique is the
stability of chromaticity coordinates of white light. Phosphors tend to age
and gradually loose their power of emission: this eﬀect, in turn, causes colour
changes in the resulting white light. There are several mechanisms which
contribute towards the ageing of phosphors: one of them is heat, produced
by diodes during their standard operations. If this heat is not driven away
by the heat sink it will degrade the quality of the white light. Stability of
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CCT of white light is also dependent on the variation of thickness of the
phosphor(s) layers. Advanced deposition techniques need to be used for
coating the semiconductor chip with phosphor to the highest precision to
avoid colour diﬀerences between WLEDs of the same correlated colour tem-
perature.
This method of generation of white light from solid state devices is the
best available trade oﬀ between the light quality (CRI), luminous eﬃcacy
and production costs. It does not, however, satisfy requirement set for the
optimal light source. To improve eﬃciency of phosphor based WLED and
maintain the quality of light through the lifetime of the device new down-
converting materials needs to be developed with reduced energy losses.
Organic materials such as polymers and dyes has been researched as
down-converting media in white light emitting diodes. One of the advan-
tages of using dyes as a wavelength converting medium is the small dis-
tance between absorption and emission peaks (Stoke’s shift). Such devices
can theoretically give higher luminous eﬃcacy of radiation than those with
phosphors, because less energy is lost due to Stokes shift as the form of heat.
There is a vast range of dye materials emitting at almost any wavelength
in the visible light range, including green and red, so dye based devices can
generate light with high colour rendering index. Due to the need of suspend-
ing dyes in a matrix like substance, the production of such devices requires
thermal deposition in vacuum, which is an expensive process. Advanced de-
position brings also advantages: uniform and homogeneous ﬁlms with well
deﬁned excitonic structures which contributes to the high eﬃciencies of the
resulting WLEDs. The major drawback is the lifetime of dyes; these ma-
terials tend to become optically inactive after a considerably shorter time
than that of phosphors or semiconductors.
26
Polymers, similarly to dyes, are produced in a vast range of emission
wavelengths giving opportunity to optimize emission spectrum to match the
one of the ideal. An additional advantage in using polymers or dyes in
WLEDs is the possibility of excitation in alternative ways such as resonant
energy transfer. Enhancement of 16.5% has been reported for the use of
energy transfer alongside absorption re-emission process in polymer based
WLED [36].
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Chapter 3
Experimental methods
3.0.1 Integrated photoluminescence
Quantum eﬃciency of photoluminescence can be determined experimentally
from the relation between absorbed and emitted light as described by equa-
tion:
QE = Nem
Nabs
, (3.1)
where Nabs is a number of absorbed photons and Nem is a number of emitted
photons.
The most accurate way of measuring light emitted by nanocrystals is by
placing the sample inside an integrating sphere. In this way the represen-
tative sample of total photoluminescence signal, emitted in all directions is
measured [37]. The light absorbed by nanocrystals can then be calculated
from a diﬀerence between the total incident excitation light beam signal
measured in empty sphere (Nempty) and in the presence of the sample in the
sphere (Nsample). This relation is shown by the equation:
Nabs = Nempty −Nsample, (3.2)
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Figure 3.1: Nanocrystals quantum eﬃciency experiment setup.
In this experiment a set of InP/ZnS samples was measured. The samples
were prepared by drop-casting of nanocrystal’ solution on non-absorbing and
non-emissive substrates of fused silica.
The corner of the sample’s substrate was clamped in the sample holder
(coated by the BaSO4 paint used to cover the inside of the integrating
sphere), and the 6 inch integrating sphere was lowered down onto a sample,
into a ﬁxed position so that the sample was exactly in the middle of the
sphere and the sphere position for the following measurements was repro-
ducible. Samples were optically excited by PicoQuant pulsed diode laser
emitting at 405 nm through the one inch diameter port, 8 degrees from the
perpendicular direction to the sample (as shown in ﬁgure 3.1) so that the
excitation beam, reﬂected from the sample did not leave the sphere. The
laser beam was aligned in such a way that the entire area covered with the
nanocrystals was uniformly illuminated. The reﬂected and scattered laser
light and the light emitted from the nanocrystals was sampled by coupling
into an 1000 µm diameter optic ﬁbre connected to the Andor spectrometer,
which has spectral resolution of 0.55 nm. On the input port of the spec-
trometer 750 nm short pass ﬁlter was installed in order to eliminate second
29
harmonics signal from the laser. However, this ﬁlter does not inﬂuence mea-
surements presented in this thesis as the visible part of the spectrum is of
our interest.
The measurements were corrected for setup self - absorption losses, with
an auxiliary lamp. In order to perform measurements for this correction,
light from a 50 W incandescent light source was coupled into the sphere
through the excitation port. Two measurements were recorded: with sam-
ple mounted inside the sphere (Atest(λ)) and without it (A(λ)). The values
acquired were used in the calibration process described below.
The entire system was calibrated using a F976 spectral irradiance stan-
dard lamp with known spectral distribution of radiant power as a reference.
Calibration was performed in a completely dark room with black walls, ceil-
ing and ﬂoor, for the set up shown in ﬁgure 3.1. Neither the sample nor the
sample holder were present inside the sphere during calibration. F976 spec-
tral irradiance lamp was mounted 50 cm away from the middle of the sphere
as recommended by CIE and its light was coupled into a sphere through the
excitation port. The signal for test light source Stest(λ) and reference light
source Sref (λ) followed by background measurements Btest(λ) and Bref (λ)
for both of the light sources were recorded. The light sources for the back-
ground measurements were switched oﬀ. The results of the measurements
were calculated with the use of the formula:
ΦR(λ) = Φref (λ) · Stest(λ)−Btest(λ)
Sref (λ)−Bref (λ) ·
τ ref
τ test
· A(λ)
Atest(λ) (3.3)
where ΦR(λ) and Φref (λ) are radiant ﬂuxes of test light source (nanocrys-
tals) and reference light source, respectively, τ test and τ ref are exposure
time of test and reference light source and their backgrounds, respectively
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and Atest(λ) and A(λ) are signals from auxiliary lamp for the sphere with
sample mounted inside and without it, respectively.
3.0.2 Time resolved photoluminescence
Time correlated single photon counting technique probes the changes of the
carrier population after the illumination with a short pulse of light and thus
can be used to study carrier’s dynamics.
Experimental setup
For time resolved measurements samples were excited with a PicoQuant
pulsed diode laser emitting at the wavelength of 405 nm, which is above the
bandgap of InP core (1.34 eV) but below the bandgap of ZnS shell (3.54 eV).
Samples for low temperature measurements were mounted inside a helium
cooled cold ﬁnger cryostat. The laser excitation consisted of a train of 70 ps
long light pulses, with the repetition rate of 2.5 MHz. Light emitted by the
nanocrystals was focused on an input slit of a spectrometer; a 7 nm band
of the spectrum centred at the selected wavelengths were isolated with an
output slit and focused on a Si single photon avalanche photodiode (APD).
Decay curves at these particular emission wavelengths were measured using
time resolved single photon counting. The schematic illustration of the set
up is shown in ﬁgure 3.2.
Time resolution of the system, determined by the laser diode pulse
width and the response time of the APD, was 200 ps while the photolu-
minescence decay curves were recorded over one period of the laser signal,
400 ns. The period of the laser pulse train was suﬃciently long (400 ns) to
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Figure 3.2: Time resolved photoluminescence set up.
allow the recombination of most excitons generated by one laser pulse before
the arrival of the next one. It was conﬁrmed by comparing the level of the
signal before arrival of the excitation pulse and the signal at the end of the
recorded period. As a result of low photon absorption probability, the laser
frequency was suﬃcient to avoid multiple exciton generation, which would
result in a very fast Auger recombination [38].
Data analysis
Unlike in the case of quantum dots in semiconductor bulk materials, environ-
ment of colloidal nanocrystals is complex and less controllable [10, 39, 40].
Even in the core-shell nanocrystals, photo-excited carriers can be transferred
to the shell surfaces and more generally to defects or decay via coupling to
ligands leading to complicated carrier dynamics [41]. As a result, photolumi-
nescence (PL) decay curves from the nanocrystals measured following light
pulse excitation are most often multi-exponential and diﬃcult to interpret
[42].
Several models have been suggested in order to qualitatively describe
nanocrystals photoluminescence decay, such as multiexponential functions
[43, 44], log-normal distribution of decay rates [45, 46] or stretched exponen-
tial model [47, 48, 49]. The evidence that the normalization of the stretched
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exponential function for the emitters with quantum eﬃciency lower than
100% is incorrect has resulted in excluding this method in further analy-
sis [45].
In the same publication statistical analysis of log-normal distribution of
set of exponential functions is suggested as an alternative and superior to
stretched exponential method. The ﬁtting function has a form:
f(t) =
∫ ∞
0
σ(ktot) · e−t·ktotdktot (3.4)
where σ(ktot) is the distribution of total decay rates ktot and is equal to:
σ(ktot) = A · e−(
ln(ktot)−ln(kmf )
γ
)2 (3.5)
where A is the normalization constant, kmf is most frequent decay rate and
γ is related to width of the distribution of decay rates (∆k) at 1/e value in
the following way:
∆k = 2 · kmf · sinh(γ) (3.6)
The example of ﬁtting of a decay curve of InP/ZnS nanocrystals emitting at
wavelength of 655 nm measured in the homogeneous environment of toluene
is shown if ﬁgure 3.3. The ﬁtting quality is conﬁrmed by the χ2 = 1.1. This
value is based on the residuals and show the discrepancy between observed
values and the values expected under the model in question where value of 1
is the ideal. The decay times are much longer than the instrument response
function thus the deconvolution of those functions is not necessary however
as a result of this the residuals around 0 time are slightly higher. Fitting
gives the values of kmf = 2.7 · 107 s−1 and ∆k = 4.4 · 107 s−1.
Multiexponential ﬁtting with two [50, 51] or three [38, 43, 52, 53] com-
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Figure 3.3: Decay curve of photoluminescence of nanocrystals with peak
emission wavelength of 655 nm together with log-normal distribution of de-
cay rates ﬁtting curve (red line) and residuals (bottom panel).
ponents is widely used to ﬁt decay of photoluminescence of nanocrystals
with good results. It has been shown, that a careful analysis of all expo-
nential decay components can be successfully used to get an insight into the
internal structure of the nanocrystals [38, 54]. The results of ﬁtting with
this method can be used to compare diﬀerent sets of nanocrystals and might
give more intuitive picture of the processes responisble for recombination of
carriers. Care has to be taken though, since a presence of the certain decay
rate range indicate only a presence of certain states rather than gives the
values of the recombination rates. The ﬁtting function has a form:
y(t)
y(0) =
n∑
i=1
Ai · e−ki·t, (3.7)
where n is number of exponents and ∑ni=1Ai = 1. The same decay curve
as used for demonstration of the log-normal distribution ﬁtting was ﬁtted
with the three exponents as shown in ﬁgure 3.4 together with residuals to
the ﬁtting. The ﬁt was good as the χ2 = 0.998 and gave the following
results: A1 = 0.5, A2 = 0.32, A3 = 0.18, k1 = 5.5 · 107s−1, k2 = 2.8 · 108s−1,
k3 = 1.6 · 107s−1. The average decay rate calculated from the formula:
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Figure 3.4: Decay curve of photoluminescence of nanocrystals with peak
emission wavelength of 655 nm together with three exponential ﬁtting curve
(red line) and residuals (bottom panel).
k−1ave =
∑n
i=1Ai/ki∑n
i=1Ai/k
2
i
(3.8)
and result in kave = 2.38 · 107s−1. Note that the value of kave is close to the
value of kmf .
The log-normal distribution of lifetimes gave equally good quality ﬁtting
results to the three exponential functions and we have chosen the later to
describe data in this document for the reasons mentioned above.
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Chapter 4
InP/ZnS nanocrystals as
light emitters
In this chapter optical characterization of the InP/ZnS colloidal nanocrys-
tals purchased from NN-labs is presented. In time of writing those are the
only non-toxic nanocrystals with a tunable emission wavelength between 500
and 700 nm.
In order to investigate the applicability of InP/ZnS nanocrystals as
colour converting medium in white light emitting diodes it is most important
to measure their quantum eﬃcient of photon emission. Quantum eﬃciency
of photoluminescence has been determined from the absorption and emission
measurements and through modiﬁcation of local densities of optical states.
Based on the temperature and/or wavelength resolved time resolved photo-
luminescence (TRPL) carrier dynamics are discussed and four energy level
diagram is proposed.
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4.1 Quantum eﬃciency of InP/ZnS nanocrystals
In order to study the emissive properties of InP/ZnS nanocrystals we have
measured a set of samples with the peak emission wavelength covering the
range from 530 nm, through 570, 615, 630 nm to 655 nm with full width half
maxima of 50, 60, 75, 90 and 105 nm, respectively. Samples, one by one,
were placed in the centre of a 6-inch integrating sphere and were excited with
a collimated light beam from a pulsed diode laser with the excitation power
which was kept well below 10−6 photons per NC per pulse. The absorption
was not saturated as evident by the linear change with excitation power,
shown in table 4.1 and ﬁgure 4.1. Radiant ﬂuxes of the photoluminescence
spectra of all samples in a visible range were converted to a number of
emitted photons, based on the following equation:
Nem =
1
h · c
∫
ΦR(λ) · λdλ (4.1)
shown in the ﬁgure 4.2.
Power
(mW)
530 nm 570 nm 615 nm 630 nm 655 nm
0.38 1.41 ·10−9 6.58 ·10−9 2.27 ·10−8 4.15 ·10−8 5.09 ·10−8
0.25 5.37 ·10−10 4.59 ·10−9 1.42 ·10−8 2.91 ·10−8 3.25 ·10−8
0.20 4.86 ·10−10 3.60 ·10−9 1.13 ·10−8 2.30 ·10−8 2.50 ·10−8
0.14 3.73 ·10−10 2.52 ·10−9 8.02 ·10−9 1.59 ·10−8 1.79 ·10−8
0.10 2.32 ·10−10 1.80 ·10−9 5.89 ·10−9 1.16 ·10−8 1.32 ·10−8
Table 4.1: Absorption per nanocrystal per laser pulse for all the sizes of
nanocrystals for ﬁve diﬀerent excitation powers.
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Figure 4.1: Absorption probability versus excitation power for nanocrystals
with peak emission wavelength of 530 nm (cyan line), 570 nm (green line),
615 nm (orange line), 630 nm (pink line) and 655 nm (brown line).
Note that the long wavelength part of the spectrum of nanocrystals with
peak emission wavelength of 530 nm drops nearly to 0 while other nanocrys-
tals show signal at the level of ∼ 1.2 · 1010 photons. This indicates that the
bigger nanocrystals have higher level of sub-bandgap states than the 530 nm
nanocrystals.
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Figure 4.2: Photoluminescence spectrum expressed as a number of emitted
photons of InP/ZnS nanocrystals with peak emission wavelength of 530 nm
(cyan line), 570 nm (green line), 615 nm (orange line), 630 nm (pink line)
and 655 nm (brown line).
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Figure 4.3: Quantum eﬃciency of InP/ZnS nanocrystals for following exci-
tation powers: 0.38 (mustard dot), 0.25 (navy triangle), 0.20 (brown dia-
mond), 0.14 (green hexagon), 0.10 (lilac square) mW as a function of peak
emission wavelength.
The amplitudes of photoluminescence spectra of nanocrystals with peak
emission wavelengths of 615 nm and 655 nm (orange and brown curve re-
spectively) are lower than the trend in the curves suggesting that these NCs
are of worse quality than expected. The quantum eﬃciency (QENC) de-
ﬁned in equation 3.1, presented in ﬁgure 4.3 for all of the samples, did not
change within experimental error for the excitation powers change by the
factor of four, shown in the ﬁgure 4.3. The quantum eﬃciency drops by an
order of magnitude between the shortest and longer wavelengths (∼50% PL
quantum eﬃciency of 530 nm InP/ZnS nanocrystals and ∼5% QE of 655 nm
nanocrystals [55]). This result seems counter-intuitive because nanocrystals’
surface is believed to be the main source of non-radiative recombination [56]
and it should become less important in larger nanocrystals [57].
In order to get insight into the origin of the eﬃciency drop with the
emission wavelength we studied carrier’s dynamics in the nanocrystals using
time-resolved photoluminescence (TRPL) measurements. Figure 4.4 shows
photoluminescence decay curves for peak wavelengths of all samples.
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Figure 4.4: Photoluminescence decay curves for of nanocrystals (each nor-
malized to 1) with peak emission wavelength of 530 nm (cyan line), 570 nm
(green line), 615 nm (orange line), 630 nm (pink line) and 655 nm (brown
line), shifted vertically for clarity.
All the curves, shown in the ﬁgure, were normalized to 1 and shifted verti-
cally for clarity. One can see that the photoluminescence decay curves for all
samples are very similar in the period of measurement, which corresponds
to three orders of magnitude change in the signal.
PL decay is multiexponential and in the measured period it can be well
ﬁtted with three exponential components as discussed in chapter 3. Average
decay rate kave, shown in ﬁgure 4.5 for all ﬁve samples, varies in the range
between 3.16 · 107 s−1 and 3.87 · 107 s−1 which is too small to explain the
change of quantum eﬃciency especially that variations are not correlated
with the trend in QE. If we compare QE for all samples calculated from the
standard equation that couples recombination rates and QE:
QE = krad
krad + knrad
= krad
ktot
, (4.2)
where krad and knrad are radiative and non-radiative decay rates, respec-
tively, we would expect very similar values for all samples. This conclusion
is based on the fact the the measured decay rates are very similar and accord-
40
520 540 560 580 600 620 640 660
3.0x107
3.2x107
3.4x107
3.6x107
3.8x107
4.0x107
 
 
A
ve
ra
ge
 d
ec
ay
 ra
te
 (s
-1
)
Maximum emission wavelength (nm)
Figure 4.5: Average decay rate for the peak emission wavelength for all NCs
samples.
ing to calculations presented below the krad weakly changes as a function of
emission wavelength (see ﬁgure 4.6).
The krad shown in ﬁgure 4.6 is calculated from an oscillator model in
which bright excitonic state is coupled to the dark excitonic state [49]. Ac-
cording to the oscillator model the decay rate of the bright excitons, γb,
is:
γb =
e2nFω2f
6πϵ0m0c3
(4.3)
here n is a refractive index of the surrounding material (toluene in this case),
F is a screening factor, ω is an photon emission frequency, c, ϵ0, e and m0
are speed of light in vacuum, vacuum permittivity, free electron charge and
mass, respectively. As a result of coupling to dark states, which decay with
the rate γd, the exciton decay rate is modiﬁed as follows:
γ = gbγbe
− δE
kT + gdγd
gbe
− δE
kT + gd
(4.4)
where gb(d) is the degeneracy of bright (dark) exciton state, equal to 3(5)
for InP/ZnS nanocrystals [58] and δE is the energy separation between the
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two states.
Results shown in ﬁgure 4.6 are calculated for the following parameters.
The bright-dark exciton splitting has been assumed to follow the relation-
ship measured in [43] and derived in [49]. The lifetime of excitons in the
dark state has been taken as 1 µs [59, 60], although the calculated decay
rate has not changed if the dark states lifetimes longer than this have been
used. Dielectric functions of bulk InP (for the nanocrystals) and a refractive
index of toluene for the surrounding medium have been used. Finally, for
the full line the electron-hole overlap was taken to be equal to one and it
was assumed that there is no non-radiative recombination. Such calculated
decay rate is an upper limit for the radiative recombination rate in this sys-
tem of coupled bright-dark excitons.
A reduction of the electron-hole overlap to more realistic value of 0.6 [52]
has resulted in a calculated decay rate shown with dashed lines in ﬁgure 4.6.
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Figure 4.6: Calculated radiative decay rates as a function of wavelength for
a system of coupled dark-bright excitons for the electron-hole wavefunction
overlaps equal to 1 indicated as solid line and equal to 0.6 marked as dashed
line.
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The expected from equation 4.3 inverse dependence of the decay rate on
emission wavelength is modiﬁed by the wavelength dependence of dielectric
constant of InP and by wavelength dependence of the bright-dark exciton
splitting. The wavelength dependence of the dielectric constant results in
a weakly changing linear dependence of the decay rate on the wavelength.
The dark-bright exciton splitting has been shown to increase at shorter
wavelength with the dark exciton lower in energy [49, 58, 61]. Under these
assumptions the linear dependence of the decay rate on wavelength is further
enhanced.
As a result of the krad and ktot being similar for all of the nanocrystals,
the only way to reconcile the results of the QE and TRPL measurements
is to assume that each nanocrystals’ sample contains two populations of
nanocrystals: one which emits light (bright) and one in which luminescence
is quenched (dark). In such a case, QE becomes:
QE = krad
ktot
· N
Nabs
, (4.5)
where N and Nabs are number of photons absorbed in emissive nanocrystals
and number of absorbed photons in all nanocrystals, respectively. The ratio
of N/Nabs, is eﬀectively the fraction of bright nanocrystals in the whole pop-
ulation. Since we assumed that krad/ktot is the same for all of ﬁve samples,
if we also assume that for the smallest nanocrystals, emitting at 530 nm,
N = Nabs, we can calculate the ratio of N/Nabs for all of the nanocrystal’
samples, as shown in the table 4.2. Even though the assumption that krad
and knrad are not changing between samples and that all NCs in 530 nm
sample are emissive is only an approximation, it is clear that nanocrystals
of larger sizes have much lower fraction of emissive nanocrystals.
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λmax QENC Nabs N/Nabs
530 0.52 1.77 ·1014 1
570 0.15 1.11 ·1014 0.3
615 0.05 6.11 ·1013 0.1
630 0.05 4.22 ·1013 0.1
655 0.03 2.12 ·1013 0.06
Table 4.2: Results of the calculations of bright population of nanocrystals
N/Nabs based on the assumption that the NCs emitting at 530 nm have
100% of bright nanocrystals and that the quality of nanocrystals does not
change with their size (emission wavelength).
It is well known that colloidal nanocrystals exhibit blinking, a phe-
nomenon which leads to the repeated switching of the nanocrystal between
light emitting and light quenched states over time [62] and that oﬀ-time
can last in the range from milliseconds to minutes while an on-time can be
anywhere between few milliseconds to few hundred seconds [63]. Although
there is no universally accepted explanation of this behaviour [64, 65], it has
been shown that there is no correlation between the quantum eﬃciency and
on-time of the blinking nanocrystals [64, 66]. Report on the size dependant
intermittency shows that the on-time fraction for larger nanocrystals emit-
ting at 649 nm was 70 % while for the smaller nanocrystals, emitting at 565
nm it was around 30% [64]. If we assume that blinking is responsible for the
observed quantum eﬃciency then the later would be expected to be higher
for larger nanocrystals. It leads to a conclusion that there must be a popu-
lation of the permanently dark nanocrystals present in the samples [64].
Since the exciton Bohr radius of InP (∼ 11.5 nm) is much larger than
the radius of the InP cores, even a single defect acting as a non-radiative
recombination centre can quench the PL of the nanocrystal. In uniform
nanocrystals, an interface between InP core and ZnS shell is the most likely
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Figure 4.7: TEM image of nanocrystals emitting at 615 nm, black bar repre-
sents 5 nm. Black arrow points at particularly clear coalesced nanocrystal.
location of defects. As the average radius of NCs increases only from 1.5
nm to 2.1 nm between the smallest and largest nanocrystals, as imaged
on transmission electron micrograph (shown in the chapter 5), in order to
explain the order of magnitude change in eﬃciency with surface states we
need to assume that as the reaction time is extended, surface area increases
more than 10 times. Such situation is expected for nanocrystals grown in
the Oswald ripening growth mode where the smaller particles disintegrate
to provide material for growth of the larger particles resulting in surface
disorder and grain boundaries. This is believed to inﬂuence the quantum
eﬃciency of the measured nanocrystals [67].
Transmission electron microscopy of the nanocrystals emitting at 615 nm
conﬁrms that during the reaction leading to the formation of these nanocrys-
tals, Oswald ripening was taking place. Images, example of which is shown
in ﬁgure 4.7, have shown that a fraction of the nanocrystals has a form
characteristic for particles created by coalescence of smaller nanocrystals.
Coalesced nanocrystals tend to be irregular, often elongated, and are typi-
cally polycrystalline. This results in much larger surface/volume ratios than
for regular shaped nanocrystals and adds internal grain boundaries. The log-
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Figure 4.8: The size distribution of the NCs size determined from HRTEM
image ﬁtted with log-normal distribution function (red line).
normal distribution of the nanocrystals sizes, shown in ﬁgure 4.8 indicates
further a presence of clustering. Although diﬃcult to observe directly, an-
other result of Oswald ripening is the surface roughening, which would also
contribute to the luminescence quenching.
Summarizing, we have shown that although colloidal InP/ZnS nanocrys-
tals emitting below 600 nm achieve high quantum eﬃciency of photolumi-
nescence, it is not the case for nanocrystals emitting at longer wavelengths.
During the synthesis of bigger nanocrystals, the surface of the nanocrystals
and grain boundaries increase, so does the probability of creating defect that
aﬀects the luminescence.
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4.2 Quantum eﬃciency of the nanocrystal’s bright
population
Measurements of quantum eﬃciency based on the relationship between
nanocrystal’s absorption and emission processes deﬁned by equation 3.1 was
described in the previous section (4.1). It provides information on the ef-
ﬁciency of the total population of nanocrystals, both bright and dark, and
as such is the most important parameter for applications such as solid state
lighting [22], solar cells [68], sensors [69] or lasers [70]. However, it is also
important to quantify the eﬃciency of bright population of nanocrystals to
better understand the dynamics of excitons and further improve synthesis.
In order to perform such study a controlled modiﬁcation of local density
of optical states (LDOS), a method proposed by Drexhage [71] and imple-
mented later by others for variety of emitting materials [72, 73, 74], can be
used. By placing the nanocrystals in a homogeneous medium, in a set of
deﬁned distances from a mirror, non-radiative and radiative components of
the total recombination rate can be extracted. The radiative recombination
is eﬀected by the presence of the mirror while the non-radiative one remain
constant. Due to the interference of the direct and the reﬂected beam, emis-
sion rate varies with changing the distance of the emitter to the mirror. For
the constructive interference decay time of the emitter placed in the given
distance from the mirror will shorten as the probability of radiation will be
larger than in the case without the mirror. For the destructive interference
situation will be opposite and decay time will get longer.
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Figure 4.9: Schematic diagram of a sample used to determine quantum yield
of the bright fraction of nanocrystals.
In order to study the changes of the decay times with distance to the
mirror surface a set of 8 samples with the geometry shown in ﬁgure 4.9 has
been fabricated. Optically thick layer of 200 nm of silver was evaporated
in a vacuum chamber of an evaporator on the 1 cm2 silicon substrate. It
was followed by evaporation of the silicon dioxide SiO2, which plays a role
of a spacer between the silver mirror and emitters. Its nominal thickness
between 50 nm and 300 nm with the possible error of 3 nm was controlled
by adjusting the deposition time. The layer of nanocrystals immobilized in
PMMA matrix was spun on such prepared substrates.
Layer Thickness
(nm)
Refractive Index
at 405 nm
Deposition
method
SiO2 variable ± 3 1.469 vacuum
evaporation
PMMA with NCs 10 ± 1 1.49 spin coating
PVA ∼1000 1.52 spin coating
Table 4.3: Details of the samples layers. Thickness of the SiO2 layer for all
samples are as follow: 50, 75, 100, 125, 175, 250, 275 and 300 nm.
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To avoid interactions between excitons in neighbouring nanocrystals the
concentration of nanocrystals in PMMA layer was chosen to be 1 per 2500
nm2 which is equivalent to average of 50 nm distance between neighbouring
nanocrystals. The thickness of the PMMA layer was measured with proﬁle
stylus with resolution of 1 nm and its surface roughness was conﬁrmed by
atomic force microscope with the tip radius curvature of 2 nm. On the basis
of this measurements the error was calculated to be ∼1 nm. A layer of PVA
was spun on the top of the sample to move the interface with air away from
nanocrystals - mirror interface and maintain the homogeneous environment
with refractive index ∼1.5 around NCs. The optical constants of the layers
were determined by ellipsometry with 2 nm spectral resolution. Results are
summarized in the table 4.3.
The biggest nanocrystals, with maximum emission wavelength of 655
nm, have shown the lowest quantum eﬃciency, indicating that there is the
highest number of dark nanocrystals. We choose this size of the nanocrystals
for further analysis, to establish the quality of the bright population of the
total sample.
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Figure 4.10: Photoluminescence spectrum of InP/ZnS nanocrystals.
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Figure 4.11: Normalized to 1 decay of photoluminescence spectrum of
InP/ZnS nanocrystals for samples with 75 (black), 100 (pink), 150 (olive),
175 (navy), 250 (dark cyan), 275 (mustard) and 300 nm (purple) SiO2 layer
shifted vertically for clarity.
We investigate the quantum yield of the bright population of the large
nanocrystals with peak emission wavelength of 660 nm with FWHM of 66
nm whose spectrum is shown in ﬁgure 4.10. Nanocrystals for this study have
been synthesised in diﬀerent batch than the previous ones and the ligands
stabilizing these nanocrystals have been changed for octadecylamine. The
synthesis method was the same.
Time correlated single photon counting technique was used to obtain
photoluminescence decay curves as described in chapter 3. The excitation
energy was 1.1 · 10−5 J·cm−2. Figure 4.11 shows photoluminescence decay
curves normalized to one for a peak wavelength for the set of samples with
the thickness of the SiO2 layer in a range between 75 and 300 nm.
Based on a Fermi golden rule, radiative decay rate (krad) is proportional
to LDOS (ρ(ω, z)) and therefore ktot can be expressed as:
ktot(ω, z) = knrad(ω) + khomrad (ω) ·
ρ(ω, z)
ρhom(ω)
(4.6)
where ρhom(ω) is the LDOS in homogeneous medium and ρ(ω, z), shown
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Figure 4.12: Local density of optical states as a function of thickness of SiO2
spacer layer where LDOS for perpendicular dipole to the interface is shown
as a purple curve, LDOS for parallel dipole is shown as a blue curve and
LDOS used for experiment was the 1/3 the perpendicular dipole plus 2/3
parallel dipole shown as the dashed green curve.
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Figure 4.13: Decay rates as a function of local density of optical states.
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λmax QEave Nabs N N/Nabs
530 0.52 1.77 ·1014 1.46 ·1014 0.82
560 0.15 1.11 ·1014 2.64 ·1013 0.24
615 0.05 6.11 ·1013 4.85 ·1012 0.08
630 0.05 4.22 ·1013 3.35 ·1012 0.08
655 0.03 2.12 ·1013 1.01 ·1012 0.05
Table 4.4: Results of the calculation of bright population of nanocrystals
and its fraction in total population.
in ﬁgure 4.12, is calculated from Green’s function based on reference [75].
The formula holds when the coupling between radiative and non-radiative
recombination channels is such that the total recombination rate can be ex-
pressed as a sum of the two components.
From the intercept and the slope of the ﬁtted function, shown in ﬁgure
4.13, radiative and non-radiative decay rates have been extracted krad =
2.7 · 107 ± 6.6 · 106 s−1 and knrad = 1.6 · 107 ± 8.2 · 106 s−1. The quantum
yield of bright population of nanocrystals can be calculated from equation
4.2 and its value is equal to QEBNC = 0.63 ± 0.38.
Based on the assumption that the quality of the bright InP/ZnS
nanocrystals of all sizes is the same, a fraction of bright nanocrystals in
total population can be calculated with the use of equation 4.5. Results are
shown in table 4.4 and being only slightly lower than the ones in table 4.2
they do not change the picture from previous section.
Care has to be taken in interpretation of the results. Although linear
dependence in ﬁgure 4.13 would suggest the applicability of the method for
these nanocrystals but as seen in nanocrystals spectra (and will be shown
in next section) there is a strong coupling between various states in the
nanocrystals. This may cause deviations, which might be hidden by a large
standard deviation.
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4.3 Exciton dynamics
As it has been shown in the previous section the quantum eﬃciency of a
bright population of InP/ZnS nanocrystals is far from unity and in order to
ﬁnd a reason of this phenomenon further studies are necessary.
Optical studies of the colloidal nanocrystals have revealed a complex
carrier dynamics, which needs to be fully understood for further improve-
ments. Radiative recombination of photo-excited carriers competes in NCs
with trapping on surface states [76] and with Auger recombination [77]. A
reduction of the parasitic recombination channels is of a paramount impor-
tance for an implementation of nanocrystals in devices and it can be achieved
if detailed understanding of the carrier dynamics can be gained.
We use temperature dependence of the time resolved photoluminescence
of InP/ZnS colloidal nanocrystals coated with oleylamine ligands combined
with multi-exponential ﬁtting in order to identify the processes responsible
for carrier recombination.
The laser power incident on the sample was set to be 15.6 µW, which
corresponds to the energy density of 1.1 ·10−5 J·cm−2. From the probability
of absorption in nanocrystals we expect an average generation of about 0.6
excitons per nanocrystal per laser pulse. Due to the Poissonian distribution
of absorbed light, 10% of NCs were thus excited with more than one exciton,
33% of NCs were excited with one exciton, and 54% were not excited.
The nanocrystals were drop casted on quartz substrates and mounted
on a cold ﬁnger of the helium cooled cryostat for the cryogenic measure-
ments. Excess ligands (ligands not bound to the nanocrystals) ensured that
the nanocrystals were kept on average 10 nm apart as revealed by TEM.
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The photoluminescence spectrum from the nanocrystals measured on the
quartz substrate at room temperature had a maximum at 642 nm. A PL
spectrum at an intermediate temperature of 140 K is shown in ﬁgure 4.14.
Upon cooling to 10 K the emission wavelength shifted to 632 nm reﬂecting
increased bandgap, as shown in ﬁgure 4.15 while the FWHM decreased to
50 nm, as expected from eliminating phonon broadening [4].
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Figure 4.14: Normalized to 1 photoluminescence spectrum at 140 K. Shaded
areas mark the parts of the spectrum selected for time resolved measure-
ments.
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Figure 4.15: Peak emission energy (triangles) as a function of temperature
together with ﬁt (solid line) with Varshni equation.
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Figure 4.16: Time resolved photoluminescence following a pulse of laser light
at time zero measured at 637 nm at 280 K together with the ﬁtted curve
(red line). Due to periodic excitation with 400 ns period, the signal level at
t<0 indicates that not all excitons decayed before the pulse of laser at time
t=0. Inset shows residuals for the ﬁtting.
The bandgap change with the temperature was ﬁtted with Varshni equation
[78] with ﬁtting parameters α = 3.6 ·10−4 eV · k−1 and β = 503 K where the
ﬁrst one is close to that reported for bulk InP [79] and InP/ZnS nanocrystals
[80].
Figure 4.16 shows exciton decay curve measured at 280 K. The curve
can be ﬁtted with three exponential components with rates: k1 = 0.25ns−1,
k2 = 0.08ns−1 and k3 = 0.02ns−1 and amplitudes: A1 = 0.675, A2 = 0.299
and A3 = 0.025. The plot of residuals in the ﬁgure inset conﬁrms the good-
ness of the ﬁt.
In our excitation scheme, only a small fraction of nanocrystals is excited
with more than one exciton and since the measured signal did not change
even when the excitation power was reduced by factor of 10 (with the re-
sulting probability of multiple excitons generation of 0.17%), we can assume
that the multiexciton eﬀects can be neglected in our analysis. In this case
as long as the excitons decay within one period of the laser excitation, each
measured photon originates from a diﬀerent nanocrystal, as a result of dif-
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ferent decay processes.
The radiative recombination rate of excitons in a InP nanocrystal emit-
ting at 637 nm on a glass slide, can be estimated as 0.2 ns−1 consistent
with the ones shown in ﬁgure 4.6, if the electron-hole wavefunctions have
overlap of unity [81]. However there is a ﬁnite energy splitting between dark
and bright exciton states due to the exchange coupling [61] with the 5-fold
degenerate dark exciton being the lowest energy state and the 3-fold degen-
erate bright exciton in InP nanocrystals as shown in ﬁgure 4.6. Since the
expected energy splitting is much smaller than the thermal energy at room
temperature, the presence of dark state leads to the reduced recombination
rate of 0.075 ns−1 similar to k2 although due to complex exciton dynamics
these two are not equivalent.
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Figure 4.17: Time resolved photoluminescence following a pulse of laser light
at time zero measured at 637 nm at diﬀerent temperatures normalized to 1
and shifted horizontally for clarity.
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Figure 4.18: Time resolved photoluminescence at 40 K for ﬁrst 50 ns. Top
25% of the peak indicate presence of the Auger recombination.
In order to diﬀerentiate between the possible decay processes, we mea-
sured temperature dependence of the TRPL. The evolution of the photo-
luminescence decay with temperature measured for 637 nm emission on an
ensemble of nanocrystals between room temperature and 10 K is shown in
ﬁgure 4.17. In the range of temperatures between room temperature and
140 K, the curves did not change much. Upon further cooling, the photo-
luminescence dynamics transformed drastically. The slow decay component
became more pronounced leading to incomplete recombination during one
period of laser excitation, seen as an increasing PL signal level just before
arrival of a laser pulse at lower temperatures (e.g. PL of 0.01 of initial value
at 10 K in ﬁgure 4.17). This in turn led to the appearance of Auger recom-
bination with a very fast decay rate, k4 (2 ns−1, limited by the temporal
resolution of the experiment) as shown in the ﬁgure 4.18, which gradually
increased in strength as the temperature was reduced.
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Figure 4.19: Evolution of four single exponential components: k1, k2, k3, k4
with temperature measured for emission wavelength of 637 nm. Right hand
scale indicates the pre-exponential factor, Ai, in the ﬁtting.
In order to better visualize the changes, we plot in ﬁgure 4.19 all the de-
cay rates for 637 nm. A more familiar average decay rate is shown in ﬁgure
4.20. The values of decay rates k1 and k2 are only weakly changing with
temperature and because of this they cannot be assigned to recombination
rate of coupled bright dark exciton coupling system, k3 and kave undergoes
very strong oscillation around 50 K, a feature very characteristic of traps
in resonance with the core excitonic levels [76]. For the average rate those
oscillation occurs at temperature of 100 K for the wavelength of 600 nm, at
120 K for 637 nm and at 140 K for 660 nm. Low value of k3 points to the
external surface of the nanocrystal as the location of the traps. Note that
this feature is clear in kave in ﬁgure 4.20.
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Figure 4.20: Evolution of average decay constant, kAV E with temperature
for emission wavelength of 600 nm, 637 nm and 660 nm.
An amplitude of k1 component of the decay curves decreases until at
about 70 K it becomes too small to be extracted by ﬁtting. A gradual re-
duction of this component is associated with an increase of amplitudes of
k2 and k3 components. Upon further cooling, the amplitude of the k2 com-
ponent starts falling while k3 component continues to grow until ﬁnally it
also decreases below 30 K while Auger recombination (k4) steadily increases
down to liquid helium temperature. It is worth noting that although the
amplitude of the Auger recombination, A4, is very high compared with other
components, its contribution to the total PL signal (= A4/k4 ) remains small
(less than 10%).
The evolution of k1, k2 and k3 components can be explained as originat-
ing from a system of energy levels (see ﬁgure 4.22), with the exciton energy
state (split into bright and dark exciton) and decay states with faster and
slower rates. k1, k2 and k3 may strongly depend on conﬁguration of traps in
the sample. Although they cannot be assigned to any speciﬁc process [54]
but k1 disappearing at 70 K means some states involved in recombination
are above the lowest level. The energy separation of the state responsible for
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k1 component can be estimated as 12 meV exciton level, as it is quenched at
about 70 K. We suggest that these could be interface defects because of the
fast decay rate. Since we expect strong coupling between dark and bright
exciton states at room temperature, the presence of long decay time (k3)
component means that there must be traps leading to such behaviour. It
has to be stressed that it is not possible to relate k1, k2, k3 to recombination
rates of any of the states. It is not possible to perform similar estimation of
the energy of the states responsible for k2 and k3 components due to strong
presence of k4 component in the temperature range, in which they are being
quenched.
The same measurements and analysis performed for the emission centred
at other wavelengths between 600 nm and 660 nm (see ﬁgure 4.14) yielded
qualitatively similar results as evident in kave shown in ﬁgure 4.20 for 600,
637 and 660 nm. There are quantitative diﬀerences in the temperatures at
which the diﬀerent components of PL were quenched, slight diﬀerence of the
temperature at which the Auger component (k4) appeared.
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Figure 4.21: Estimated splitting between defect state (at higher energy) and
lowest exciton energy (dark exciton) as a function of the energy of emission
(nanocrystal size).
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Analysis of the emission at these diﬀerent wavelengths yielded a depen-
dence of the energetic position of the state responsible for the decay rate
k1 as a function of emission energy, shown in ﬁgure 4.21. As the exciton
energy increases the separation between the dark exciton and the analysed
state decreases. Such dependence points to the defect being the origin of the
k1 component in agreement with previous studies of InP nanocrystals [82].
Note, that at the emission energy of 2.08 eV the k1 and k2 components are
quenched in the same temperature range indicating that this state is very
close in energy to the k2 component. Defects located near the core of the
nanocrystal (on the interface between the core and the shell) are the most
likely origin of k1 component as k1 is fast. The picture of the energy states
(shown in ﬁgure 4.22) of the InP/ZnS nanocrystals studied here is consis-
tent with the one determined for etched InP nanocrystals passivated with
organic ligands [82, 43]. We assumed the splitting between the bright and
dark excitons to be similar to that of etched InP nanocrystals as this is
an intrinsic property of the InP nanocrystals [61]. The dominant at room
temperature parasitic recombination channel in the InP/ZnS (k1) is also
very similar to that of the passivated InP nanocrystals [43], proving the
protective role of ZnS shell. Although thin shell may not be continuous and
so InP surface may be partly exposed, numerically predicted positions of In
and P dangling bonds inside the InP bandgap [83] cannot explain the results.
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Figure 4.22: Model of the states present in the InP/ZnS nanocrystals
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The hot injection synthesis method, used for the fabrication of InP/ZnS
nanocrystals under study, relies on forming ZnS shells by adding the Zn
and S precursors to the solution of In and P precursors after InP cores have
been formed. It has been suggested [11] and later observed [82] that the shell
grown under such conditions is likely to be an alloy of InP and ZnS, result-
ing in gradual potential transition across the interface between the core and
shell rather than abrupt InP/ZnS junction. Such an interface may also be
vulnerable to the formation of defects [84] or grain boundaries and extended
surfaces resulting from Oswald ripening growth as shown in chapter 4.1.
The Auger recombination, (k4) observed in the PL, relies on the trans-
fer of energy to a third carrier (electron or hole), it is thus only possibly
in nanocrystals which are charged or occupied with more than one exciton.
The second case, an occupation of the nanocrystals with more than one
exciton in our experiments is caused by the carriers freeze out on the long
lived states (traps and dark excitons). It is clear, however, that higher levels
of excitation at room temperature would also lead to Auger recombination
quenching of radiative recombination. This demonstrates the detrimental
eﬀect of the presence of trap states on photon emission [85].
4.4 Conclusions
It has been shown that the quantum eﬃciency of smallest nanocrystals emit-
ting at 530 nm is about 50 - 60% and it is 25 times higher than the largest
particles. Further investigation revealed that nanocrystals samples contain
a population of permanently non-emitting nanocrystals which are respon-
sible for drop of eﬃciency with emission wavelength. Those results were
conﬁrmed when the quantum eﬃciency of the largest nanocrystals was mea-
62
sured to be 63% by modiﬁcation of the local density of optical states. The
bright nanocrystals fraction of 82, 24, 8, 8 and 5 % for smallest to biggest
was derived. The analysis of the decay dynamics at diﬀerent temperatures
has indicated that initially generated exciton population decays to four en-
ergy levels, which we have assigned as dark exciton, bright exciton, surface
defect and core-shell interface defect states. The interface defect states in
the smallest nanocrystals, emitting at 600 nm, are very close in energy to
the bright exciton state. Below about 140 K long-lived dark excitons and
trapped charges lead to strong Auger recombination. The results show that
while a thin ZnS shell protects the surface of InP from oxidation, it does not
change the recombination dynamics in the nanocrystals and so engineering
of the energy level splitting and defect elimination remain crucial factors in
the design of highly emissive nanocrystals [86].
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Chapter 5
InP/ZnS nanocrystals as
light absorbers
In this chapter colour conversion eﬃciency for nanocrystals excitation via
photon absorption and via resonant transfer of exciton energy (transfer of
a virtual photon) has been estimated for a device consisting of layer of
nanocrystals deposited on the top of the InGaN/GaN diode as shown in
the ﬁgure 5.1. The carriers are injected into the active region of the diode
electrically while excitation of the carriers in nanocrystals can be either by
optical absorption process (hν1) or resonant energy transfer (RET). Colour
conversion eﬃciency is a measure of how well photons from InGaN/GaN
diode are converted into photons emitted from the nanocrystals. It can be
deﬁned as the product of the quantum eﬃciency of the photoluminescence
of the nanocrystals and the eﬃciency of the excitation process (ηexitation).
ηCC = QENCs · ηexitation (5.1)
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Figure 5.1: Schematic illustration of device utilizing both radiative (hv1)
and non-radiative (RET) excitation methods.
Based on the estimation of the colour conversion eﬃciency and the ex-
ternal quantum eﬃciency of the blue emitting diode the performance of the
hybrid-diode can be optimized by adjusting the ratio between the blue to
green, yellow and red photons. Also those eﬃciencies provide means for
comparing the hybrid device with other white light emitting solid state de-
vices.
Existing technology does not allow eﬃcient direct injections of current
into nanocrystals. The main problem is caused by the layer of ligands around
each particle which has insulating properties, eﬃciently blocking any elec-
trons. Two approaches of direct current injection have been demonstrated
however none of them show external quantum eﬃciency of the LED higher
than a percent. First concept utilizes single layer of nanocrystals sandwiched
between two layers of polymer acting as electron and hole transport layers,
however due to low carrier mobility the external quantum eﬃciency of de-
vice does not exceed 0.54% [87]. In second concept, layer of nanocrystals is
assembled onto a p-type GaN and is overgrowth with n-type GaN however
this method is even less eﬃcient and it reaches values up to 0.01% [88].
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5.1 Absorption
In this section colour conversion eﬃciency for optical absorption is estimated
for the device shown in ﬁgure 5.1 and results are compared with those found
in the literature.
Colour conversion eﬃciency ηCC of optical absorption (hv1) followed by
re-emission process (hv2) for the monolayer of closely packed nanocrystals
has been deﬁned [89] as the product of absorbance (A) and quantum eﬃ-
ciency (QENC) of nanocrystals (eq. 5.2). This equation however does not
account for the charge or the exciton transfer between the nanocrystals.
ηCC1 = A ·QENC (5.2)
where QENC is the ratio of the light emitted (ΦE) to the absorbed one (ΦA)
by NCs as measured in chapter 4.1.
Absorbance of the InP/ZnS nanocrystals has been estimated based on
the equation:
A =
Nabs
NNC
Nph · SNSL · sSN
(5.3)
where Nabs and Nph · SNSL are the number of absorbed photons per second
and number of photons incident on the sample as measured in chapter 4.1
and SN , SL, NNC , s are the size of the laser spot and the nanocrystals spot
on sample, the number of nanocrystals in the SN and area of one nanocrys-
tal, respectively. The fraction in the nominator NabsNNC can be understood as
the number of photons absorbed by one nanocrystal and the value in the
denominator Nph · SNSL · sSL as number of photons incident on the surface of
one nanocrystal.
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Figure 5.2: TEM image of InP/ZnS nanocrystals with the peak emission
wavelength of 530 nm (left), 615 nm (middle) and 655 nm (right). The
white bar on the bottom right corner of each image indicate 10 nm.
The diameter of the nanocrystals was estimated on the basis of the cor-
relation between size of the nanocrystal core and its emission energy [4].
EPL(d) = EPL(∞) + APL
dm
(5.4)
where EPL is the peak emission energy of the InP core with diameter d,
EPL(∞) is the PL peak energy of the InP bulk, APL is the constant equal
to 1.9 ± 0.2 eV·nm and exponent m is equal to 0.9 ± 0.1 for InP nanocrys-
tals [4].
The estimation of the size of the nanocrystals was also done based on
the transmission electron micrograph for nanocrystals with emission peak
wavelength of 530 nm, 615 nm and 655 nm which are shown in the ﬁgure
5.2. The results based on the analysis of 71 nanocrystals with peak emission
wavelength of 530 nm, 81 nanocrystals emitting at 615 nm and 65 nanocrys-
tals emitting at 655 nm are shown in the table 5.1. Note that only regular
shapes NCs were taken into account in this analysis. The diﬀerence be-
tween measured diameter of nanocrystals and the calculated one is biggest
for the small particles and decreases with increasing size of nanocrystals.
The correlation between measured and the calculated values are shown in
the ﬁgure 5.3.
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NCs Mean diameter (nm) Standard deviation
530 2.91 0.71
615 4.04 0.9
655 4.16 0.98
Table 5.1: Statistical analysis of the diameter of the core/shell InP/ZnS
nanocrystals based on the TEM image shown in ﬁgure 5.2.
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Figure 5.3: Calculated (dots) and measured values (squares) of the diameter
of the core of the InP/ZnS nanocrystals.
Absorbance of ﬁve samples of nanocrystals at the wavelength of the emis-
sion of the LED (450 nm), has been estimated by scaling the probability of
absorption measured in the chapter 4 at 405 nm with the normalized absorp-
tion curves obtained from table 4.1 from NN-labs [12] (shown in ﬁgure 5.4).
Extrapolation of the 655 nm nanocrystals absorption curve was necessary in
order to perform this scaling. The photoluminescence of the diode excites
only the largest nanocrystals in the continuum of states while the other’s
nanocrystals absorption at 450 nm wavelength will be reduced.
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Figure 5.4: Absorption of InP/ZnS nanocrystals with peak emission wave-
length of 530 (cyan), 570 (green), 615 (orange), 630 (pink) and 655 (brown)
nm normalized to the maximum of the ﬁrst excitonic peak (obtained from
NN-Labs). Emission of the diode with peak emission wavelength of 450 nm
normalized to the maximum is also shown.
The absorbance at 405 and 450 nm, together with uncertainty associated
with its estimation is shown in table 5.2. The value of the errors is in-
ﬂuenced by following factors: the uncertainty in estimation of the size of
the nanocrystals, estimation of the number of nanocrystals on the measured
sample, estimation of the laser spot size as well as scaling the normalized ab-
sorption spectrum and necessity of extrapolating the absorption spectrum
of 655 nm curve. Absorbance values together with quantum eﬃciency of
total population of nanocrystals QENC measured in chapter 4 have been
used for the calculation of color conversion eﬃciency of optical absorption,
results of which are shown in the column ηCCQE in the table 5.2. Colour
conversion eﬃciency of nanocrystals with quantum eﬃciency equal 50% was
also calculated and it is shown in column ηCCQE2 in this table.
The ratio of the absorption cross-section (σ) of nanocrystals to its geo-
metrical cross section (s) (equation 5.5) has been proposed as an alternative
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way of estimating colour conversion eﬃciency [90].
ηCC2 =
σ
s (5.5)
Absorption cross section has been calculated based on the equation 5.6 de-
rived for the small particles in dielectric host [91].
σ = 2 · π
ns · λ · |fLT |
2 · 2 · n · k · π · d
3
6 (5.6)
|fLT |2 = 9 · n
4
s
(n2 − k2 + 2 · n2s)2 + 4 · n2 · k2
(5.7)
where |fLT | denotes the local ﬁeld factor, n = 4.067 [92] is the refractive
index of InP at 450 nm, k = 0.728 is extinction coeﬃcient of InP at 450 nm
and ns = 1.25 is the refractive index of the surrounding medium at 450 nm
(averaged for n of air (1) and glass (1.5)). The absorption cross section of
InP/ZnS nanocrystals is comparable to that measured [93] and calculated
[94] for CdSe nanocrystals and are shown in the table 5.2.
The calculated diameter of the InP core dcore, absorption at 405 and 450
nm, absorption cross section σ and colour conversion eﬃciencies calculated
with both methods are shown in table 5.2.
The results of colour conversion eﬃciency calculated with both meth-
ods are not the same and they show diﬀerent trends: the ηCCσ calculated
from absorption cross section increases together with increasing diameter
of the nanocrystals while the ηCCQE is varying between 0.03 and 0.05 %.
This variations are directly related to the fact that the QE decreases for
increasing size of nanocrystals while absorbance has opposite trend and it
increases. If we assume uniform quantum eﬃciency for all sizes of nanocrys-
tals trend changes and (ηCCQE) is increasing as shown in column ηCCQ0.5
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λmax
(nm)
dcore
(nm)
A405nm A450nm σ (m2) ηCCQE (%) ηCC0.5
(%)
ηCCσ
(%)
530 2.1 (9.5± 4.2) ·
10−4
(5.3± 4.7) ·
10−4
1.76
·10−20
0.03±0.02 0.03 0.51
570 2.6 (4.4± 1.7) ·
10−3
(2.5± 1.9) ·
10−3
3.33
·10−20
0.04±0.03 0.1 0.63
615 3.3 (8.8± 1.3) ·
10−3
(5.2± 1.5) ·
10−3
6.82
·10−20
0.03±0.009 0.3 0.80
630 3.6 (1.5± 0.3) ·
10−2
(9.7± 3.2) ·
10−3
8.85
·10−20
0.05±0.02 0.5 0.87
655 4.3 (1.7± 0.3) ·
10−2
(1.2± 0.3) ·
10−2
1.51
·10−19
0.04±0.01 0.6 1.04
Table 5.2: Results of the calculation of a diameter of the core of the InP/ZnS
nanocrystal dcore, absorbance of InP/ZnS nanocrystals at 405 nm A405nm
and 450 nm A450nm, absorption cross section σ and colour conversion eﬃ-
ciency for current quantum eﬃciency ηCCQE of nanocrystals as well as for
assumed 50% QE ηCC0.5 together with colour conversion eﬃciency based on
the absorption cross section ηCCσ.
for 50% quantum eﬃciency. The increasing trend of colour conversion ef-
ﬁciency is expected from the position of the PL peak of the blue emitting
diode in relation to the absorption spectrum of the nanocrystals: the large
nanocrystals are excited with highest probability, as shown in the ﬁgure 5.4.
The colour conversion eﬃciency calculated from absorption cross section
gives the values for the nanocrystals with 100% quantum eﬃciency. If com-
pared with the values of colour conversion eﬃciency calculated directly from
absorption (double the ones calculated for ηCC0.5) the values are still not the
same, however they are similar. The diﬀerence might be caused by the large
uncertainty in determining the value of absorbance. Results of both ways of
estimating colour conversion eﬃciency are thus equivalent. For the purpose
of further analysis the ηCCQE will be used as the quantum eﬃciency factor
will have strong eﬀect on the results discussed.
The results obtained from calculation of colour conversion eﬃciency be-
low one percent are in agreement with the values reported for CdSe colloidal
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quantum dots [2] determined from the quantum eﬃciency of nanocrystals.
5.2 RET
In contrast to absorption, resonant energy transfer (RET) transmits the en-
ergy of excitons non-radiatively via dipole-dipole interaction. In order to
utilize this process as a source of excitation energy for the colour converting
layer in hybrid device as shown in ﬁgure 5.1 few conditions has to be met.
The energy transfer rate has been shown to depend sensitively on the
character of dipoles of the donors and acceptors [95]. For example RET rate
between QWs (donor) and organic overlayers (acceptor) have been shown to
increase at the transition from localised and free excitons in the quantum
well (the donor) at increasing temperature [96]. Non-radiative energy trans-
fer from optically excited electron-hole pairs in a quantum well and excitons
in the colloidal nanocrystals has also been observed with relatively high ef-
ﬁciency [2], followed by the demonstration of colour conversion using NCs
driven by RET from blue emitting LEDs. The high eﬃciency of RET leads
to two orders of magnitude increase of colour conversion eﬃciency compared
with the case of the colour conversion via absorption-emission process [13].
Due to high sensitivity of RET to the character of the donor and ac-
ceptor dipoles it is however not clear if the RET will allow the generation
of light with stable white colour over wide range of excitations, a condition
necessary for good quality white LED.
In order to answer the last question, we study the eﬃciency of resonant
energy transfer between an InGaN quantum well as an energy donor and
a monolayer of InP/ZnS colloidal quantum dots as the acceptors over wide
range of excitation levels.
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Figure 5.5: Photoluminescence spectrum of the InGaN quantum well (blue
line) with absorption spectrum of InP/ZnS nanocrystals (green line).
5.2.1 Experimental determination of RET rate
The InGaN/GaN wafer used in this work was grown by metal organic chem-
ical vapour deposition on a c-plane sapphire substrate. A single, 2.5 nm
thick, InGaN quantum well was grown on an un-doped GaN layer and cov-
ered with a 3.2 ± 0.5 nm thick GaN barrier. The low indium content in the
quantum well resulted in light emission from the quantum well centred at
the wavelength of 390 nm, as shown in ﬁgure 5.5.
In order to obtain good spectral overlap between light emission from
the quantum well and absorption of nanocrystals (both shown in ﬁgure 5.5),
which is necessary for eﬃcient RET [97], InP/ZnS nanocrystals with an ab-
sorption edge of 625 nm were chosen. With their core diameter of 3.3 nm,
shell thickness of 0.3 nm and the ligands length of ∼1 nm, the separation
between the donor and acceptor dipoles (the distance from the center of
nanocrystal’s core to the middle of the quantum well) was 7.4 nm.
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Figure 5.6: Typical photoluminescence decay curves of InGaN QWs (blue
solid line), hybrid devices (purple solid line) and instrument response func-
tion (IRF) (black dotted line). Red lines show results of the ﬁtting based
on single exponential decay convoluted with the IRF.
The hybrid samples were prepared by spinning InP/ZnS nanocrystals
from a solution on a clean GaN surface of the wafer. The concentration of
NCs solution was adjusted to achieve a uniform layer of particles which has
been evaluated in the spatially resolved confocal microscope under illumi-
nation with a laser emitting at 458 nm.
As RET between quantum well and nanocrystals in hybrid structure is
expected to increase total recombination rate in the quantum well is com-
pared with the recombination rate of the bare wafer. Typical decay curves
of photocarriers in the quantum well of the bare wafer and the hybrid device
together with instrument response function for the measurements are shown
in ﬁgure 5.6 for three diﬀerent energy densities: 0.3, 7 and 16 J·cm−2. The
data in the top (middle and bottom) ﬁgure were obtained by illuminating
samples with a pulsed laser emitting at 365 nm (375 nm) with pulse dura-
tion of 200 ps and repetition rate of 80 MHz (250 kHz) to achieve low (high)
power densities. The resulting photoluminescence from the quantum well
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was measured using an avalanche photodiode with the temporal resolution
of 50 ps, after ﬁltering the desired wavelength of 390 nm with a monochro-
mator with a 0.6 nm resolution.
In the InGaN quantum wells the photogenerated carriers decay via non-
radiative and radiative recombination channels, with the former one dom-
inating at low excitation power densities and the latter dominating after
the saturation of non-radiative recombination channel [16, 98]. In the pres-
ence of nanocrystals, in a close vicinity of the quantum well another carrier
recombination channel opens resulting in an increased decay rate of pho-
tocarriers in the hybrid device. The diﬀerence between the decay rates of
the bare QW and hybrid device is the resonant energy transfer rate (kRET ).
In order to determine kRET , all photoluminescence decay curves were ﬁtted
with a convolution of a single exponential function and an instrument re-
sponse function as shown in red in ﬁgure 5.6. For the data in ﬁgure 5.6 we
ﬁnd that kRET is 1.4 · 109 s−1, 1.4 · 109 s−1 and 9.4 · 108 s−1 while khybrid is
5.4 ·109 s−1, 4.4 ·109 s−1 and 4.2 ·109 s−1 for top, middle and bottom ﬁgure.
It means that the eﬃciency of RET, deﬁned as:
ηRET =
kRET
kRET + kQW
(5.8)
is 26% (30% and 23%) respectively. It is consistent with previously mea-
sured transfer rates [2]. Note that the kQW = kradQW + knradQW while literature
reports ηRET = kRETkRET+kradQW .
We repeated the measurements for laser excitation levels from 0.01 to 148
J· cm−2, which resulted in the initial carrier densities in the quantum well of
5.5 · 1010 - 4.5 · 1014 m−2 although due to the uncertainty in the absorption
coeﬃcient [99], it is possible that the values may vary from the calculated.
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Figure 5.7: Decay rates of hybrid diode (black squares) and InGaN (green
dots) and their diﬀerence being resonant energy transfer (blue triangles) as
a function of carrier density.
The decay rates of bare InGaN, hybrid device and RET obtained from
the measurements are shown in ﬁgure 5.7. Both the InGaN decay rate and
hybrid structure decay rate are showing decreasing trend with increasing
carrier concentration followed by a sharp increase at highest carrier concen-
tration. The value of carrier density when both rates change the trend is
diﬀerent and it is equal to 1 ·1013 m−2 for InGaN and 5 ·1013 m−2 for hybrid
rate. The RET rate increases in the carrier density range up to 2 · 1012 m−2
and then it decreases to stabilize above 1014 m−2.
Eﬃciency of the transfer calculated from the equation 5.8, shown in ﬁg-
ure 5.8, increases up to 34% for carrier density range between 1.9−6.4 ·1011
m−2 and then decrease to achieve value of 14% at the lowest point. Moreover
since kQW = knradQW + kradQW the drop may be due to increasing non-radiative
recombination rate knrad while transfer eﬃciency is constant. Since the non-
radiative recombination in the samples is apparent, its reduction can lead
to much higher eﬃciencies.
The interactions between quantum well and monolayer of nanocrystals
76
1011 1012 1013 1014 1015
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
 
 
R
ET
Carrier density (m-2)
Figure 5.8: RET eﬃciency calculated as kRET /kRET +kQW as a function of
excitation densities.
are strongly dependant on whether the carriers in the quantum well are
bound into excitons or form electron-hole plasma. In the ﬁrst case, RET
rate is independent of the level of carrier concentration while for electron –
hole pairs energy transfer rate is proportional to carrier density [2]; the later
describes the behaviour of the quantum well under study at low excitation
levels (up to 3 · 1012 m−2).
To explain the decrease of the InGaN and hybrid rates, one has to con-
sider two competing eﬀects: increase of kRET with carrier concentration [90]
and decrease with T. At low carrier concentrations, where kRET increases
linearly, the change of kQW is due to the saturation of non-radiative recom-
bination.
The drop of the RET rate above the value of 3 ·1012 m−2 could be caused
either by heating or transition to degenerate plasma. Degenerate plasma ac-
cording to [90] requires carrier densities in a range of 8.6 · 1011 m−2 which
is close to the values where kRET drops in this experiment.
In summary, it has been shown that the radiative energy transfer is
present in wide range of the excitation energies and that ηRET is as high as
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34% for the ∼ 7 nm distance between single InGaN/GaN quantum well and
InP/ZnS nanocrystals with peak emission wavelength of 615 nm. Although,
there are several processes which can possibly quench kRET its eﬃciency
does not drop below 10%.
5.2.2 Colour conversion eﬃciency
Based on the measurements on hybrid diode colour conversion eﬃciency for
RET has been estimated with the use of equation [2]:
ηCCRET = F ·QENC · kRET
khybrid
(5.9)
where F is the factor reﬂecting degree of spectral overlap of the nanocrystals
absorption and emission of the diode calculated based on the ﬁgure 5.4.
There is no evidence that the resonant energy transfer do not occur be-
tween quantum wells and the dark population of nanocrystals thus total
population of nanocrystals has been used in calculation of colour conversion
eﬃciency. The QW and RET rates have been taken from ﬁgure 5.7 for the
carrier density of the commercial diode (6.25 · 1012 cm−2). The results of
the calculations of colour conversion eﬃciency of RET are shown in table
5.3 and they are compared with the eﬃciency of optical absorption.
The colour conversion eﬃciency of RET is one to two orders of mag-
nitude larger than the optical absorption. The values of the ηCCRET vary
between 5 % for the smallest nanocrystals and 0.6 % for the larger ones. Due
to the fact that the quantum eﬃciency of total population of nanocrystals as
well as absorption are changing with the size of nanocrystals, colour conver-
sion eﬃciency of both optical absorption and resonant energy transfer is also
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λ (nm) ηCCRET
(%)
ηCCQE
(%)
530 4.8 0.03
570 1.7 0.04
615 0.7 0.03
630 0.8 0.05
655 0.6 0.04
Table 5.3: Comparison of colour conversion eﬃciency of resonant energy
transfer and optical absorption.
changing. Those changes of absorbance and eﬃciency are, however, opposite
and they compensate so they are not visible in the trend of the ηCCQE . The
decrease of ηCCRET with the increase of the nanocrystal’ diameter is caused
by the dominant eﬀect of dropping quantum eﬃciency with the emission
wavelength. To maximize the ηCCRET eﬃciency, RET rate should become
faster to be able to compete more eﬃciently with the non-radiative and ra-
diative recombination rates which will increase possibility of carrier decay
via RET channel. Improvement of the eﬃciency of nanocrystals is necessary
to maximize the nanocrystals excitation via resonant energy transfer. Also,
the emission wavelengths of blue emitting diode as well as nanocrystal has
to be chosen carefully to maximize the spectral overlap as it has huge eﬀect
on the colour conversion eﬃciency.
5.3 Conclusions
In conclusions, the possible methods of nanocrystal’s excitation have been
studied. The eﬃciency of the process of optical absorption has been esti-
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mated by two methods and the validity of the results has been discussed.
The resonant energy transfer between InGaN/GaN single quantum well in
proximity (∼ 7 nm) of InP/ZnS nanocrystals with absorption edge of 625
nm for four orders of magnitude change of carrier density. The eﬃciency of
RET shows that the process is sturdy and it is present at very low excitation
energies where it competed with non-radiative recombination and at very
high carrier densities where the heating reduce it. The colour conversion
eﬃciency for optical absorption and resonant energy transfer was estimated.
It has been shown that the later one is one to two orders of magnitude higher
for all the nanocrystals’ sizes than the ηCCQE and that the spectral overlap
is crucial for both excitation processes. Both eﬃciencies can be improved by
choosing the diode with lower emission wavelength to improve the spectral
overlap between absorption of nanocrystals and the emission of the diode
and by using nanocrystals with higher quantum eﬃciency of photolumines-
cence.
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Chapter 6
Colour mixing
In order to investigate the performance of the InP/ZnS nanocrystals as a
down-converting material for generation of white light, simulation of emis-
sion from the hybrid white light emitting diode has been performed. The
goal of the calculation was to assess if the high values of luminous eﬃcacy
of radiation can be achieved with simultaneous high colour rendering in a
wide range of correlated colour temperatures for the white light emitted by
the hybrid diode. Fulﬁlling this conditions would allow for replacement of
conventionally used light sources in a wide range of applications.
6.1 Model of hybrid white light emitting diode
The simulation of white light emission was based on the hybrid-diode con-
sisting of a multi-quantum well InGaN/GaN diode with a layer of mixture
of nanocrystals with peak emission wavelength of 530, 570, 615, 630 and 655
nm embedded in PMMA. The diode was ﬁxed inside the heat transmitting
metal housing in the shape of a square "well" so that all the light emitted by
the diode could escape only trough the top of the "well". The housing was
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Figure 6.1: Schematic illustration of WLED with layer of nanocrystals.
closed at the top by a glass plate, on which a layer of PMMA with a mixture
of nanocrystals was spun. The device on which the modelling was based is
shown in ﬁgure 6.1. The number of each type of nanocrystals (with diﬀerent
emission wavelengths) was chosen on the basis of the CRI and CCT values
of resulting white light.
In order to generate white light of high quality, the composition of the
total spectrum of the LED was varied by adjusting the number of nanocrys-
tals of diﬀerent wavelengths. The resulting spectra were analysed for their
CCT and CD as well as CRI index. According to CIE document [100] the
light is considered to be of a good quality if CRI > 80, CCT value is be-
tween 2500 and 8800 K and CD < 5.4 ·10−3. The radiant ﬂux ΦR(λ) (µW),
for nanocrystals and the InGaN/GaN diode, was varied with a step of 5%
for each component. The resulting white light radiant ﬂux ΦWR (λ) can be
described by the equation:
ΦWR (λ) =
n∑
i=1
Ai · ΦR(λ)i (6.1)
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Figure 6.2: Chromaticity diagram with marked coordinates of diodes and
all nanocrystals.
where ∑ni=1Ai = 1 and n = 6 for InP/ZnS nanocrystals with peak emission
wavelength of 530, 570, 615, 630 and 655 nm and the InGaN/GaN diode
with peak emission wavelength of 450 nm. The chromaticity coordinates of
each of these hybrid diode components are shown in ﬁgure 6.2.
The electroluminescence (EL) of the diode driven by 700 mA current
and photoluminescence for all types of nanocrystals, obtained from inte-
grating sphere measurements described in chapter 3, were normalized to the
total photoluminescence of 1 (integrated area under the EL/PL curve = 1).
Results of normalization are shown in ﬁgure 6.3).
In order to correlate the results of the simulations of the hybrid white
light emitting diode with the experimentally measured total photolumines-
cence of nanocrystals and electroluminescence of the diode, as described in
section 3, number of each size of nanocrystals (NneedNC ) generating required
amount of light was calculated from following formula:
NneedNC =
N sampleNC ·Nneedph
N sampleph
(6.2)
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Figure 6.3: Spectra used for modelling of the light quality of hybrid diode
normalized to the total photoluminescence of 1.
where N sampleNC is the number of nanocrystals on the sample measured as
described in chapter 4.1 and N sampleph and Nneedph are the number of photons
emitted by the nanocrystals on the measured sample and needed to generate
desired white light, respectively.
The structure of the hybrid diode allows blue light emitted from the
diode to be either transmitted trough the layer of nanocrystals or reﬂected
from the surface of the glass substrate, nanocrystals or PMMA back into
the diode housing. The latter together with the light which is emitted in
the angle > 70o from the normal is getting reﬂected from the surface of the
metal housing and part of it is eventually absorbed by one of the surfaces
(diode, glass, nanocrystals, PMMA, metal housing, bonding wires) while the
rest is transmitted through a layer of nanocrystals. Thickness of the colour
converting layer of nanocrystals was calculated assuming that around each
nanocrystal (for the required number of nanocrystals) there is 10 nm free
space (which results in 20 nm space between two neighbouring nanocrystals)
and that the required contribution of blue light is transmitted through the
layer of nanocrystals.
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6.2 Results of modelling
Varying each spectrum by 5% results in 53130 diﬀerent variations of re-
sulting light. Calculations of chromaticity distance (CD), colour rendering
index (CRI) and correlated colour temperature (CCT ) have been performed
for all of those variations. All the combinations, with CD < 5.4 · 10−3 were
rejected as they were not classiﬁed as white light. An assessment of quality
of light based on CRI index was performed on all remaining combinations.
After rejecting all the variations with poor colour rendering CRI < 80,
and after ignoring variations with CCT outside the region of interest (2500
- 8800 K) 1821 variations remained (shown in Subsidiary Information) of
which 36 fulﬁlling additional condition of CD < 10 · 10−4 are shown in the
ﬁgure 6.4 and the table 6.1. The last condition was added in order to display
the representative sample of the results, however all further analysis is based
on the 1821 variations.
Figure 6.4 shows the spectral distribution of radiant ﬂux for all 36 vari-
ations from table 6.1. For clarity they are divided in four groups sorted by
the contribution of the blue light towards the resulting spectrum. Top left
graph shows the 15% contribution, the top right graph shows 20% contri-
bution, the bottom left graph shown the 25% and the bottom right graph
shown the 30, 35, 40, 45, 50 and 55% contribution of the blue light. Gener-
ally we can see three trends: there is either majority of the red light (top left
graph - 15% contribution of the blue and 45 - 60 % of contribution from 630
and 655 nm nanocrystals) or the blue light (bottom right graph - minimum
30% contribution of the blue and maximum 25% of red light with excep-
tion of curve no. 29 which has 40% of red light) or the third option where
the contributions are more balanced (top right and bottom left graphs - 20
and 25% contributions of the blue and between 10 an 50% of the red light).
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Figure 6.4: Calculated luminescence spectrum of hybrid white light emitting
diode consisting of layer of InP/ZnS nanocrystals and the electrically driven
blue emitting diode. Legend correlates the spectrum with the row in the
table 6.1. Note, that the higher number corresponds to higher CCT . Top left
graph shows the 15% contribution of the light from the blue diode towards
the white light spectrum, the top right graph shows 20% contribution, the
bottom left graph shown the 25% and the bottom right graph shown the
largest 30, 35, 40, 45, 50 and 55% contribution of the blue light.
For the ﬁrst three graphs, with contribution of blue light between 15 and
25%, the white light spectra are weakly varying suggesting that for colour
temperature below 3500 K this is the optimal spectrum. Moreover the con-
tribution from smallest nanocrystals emitting at 530 nm (in a green region)
is smaller than the red and blue peaks at these graphs. For the graphs
showing spectra with highest contribution of blue, the green emission peak
is comparable to the red one however its contribution towards the white
light spectrum did not change between all four graphs. The reason why the
green peak contribution is constant and it is smaller than the other peaks
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is high sensitivity of human eye in the yellow to green spectral region.
Columns II-VII of the table 6.1 show contribution from the diode and
the nanocrystals to the total spectrum. Note that 16 out of 36 variations
have only contribution from four sizes of nanocrystals and ﬁve has contri-
bution from only three, showing that only four colours of emission spectra
are enough to generate good quality white light in wide range of correlated
colour temperatures (based on the results from table 6.1). It is partly due
to the broad spectrum of emission of the NCs compared with the LED emis-
sion. This is still one colour more than in popular WLEDs where tricolour
phosphors or RGB LED systems are used. The light emitted by 530 nm
is present in every variation while 570, 630 and 655 nm light are missing
in 6 variations and 615 nm light is missing in 8 variations. It would sug-
gest that the least important component is the 615 nm light source and the
contribution from green component is crucial. Out of all the variations, 15
represent white light with CRI value equal to 90 and only four of the varia-
tions have CRI lower than 85 conﬁrming that excellent light quality can be
obtained with InP/ZnS nanocrystals. These results are comparable to the
ones obtained for CdSe nanocrystals [23] which is not surprising as the light
quality should not depend on the composition of nanocrystals. The thick-
ness of the colour converting layer, has been calculated for the nanocrystals
under study and with 50% QE and is shown in column d and d0.5 of the
table 6.1, respectively. As the quality of nanocrystals improves, its colour
conversion eﬃciency increases which results is smaller number of nanocrys-
tals needed in order to generate white light. The thickness for the current
quality of nanocrystals is 2 to 7 times larger than the more eﬃcient ones.
It is very interesting that for the latter nanocrystals the thickness increases
for the higher correlated colour temperature which would suggest that in
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No 450
nm
530
nm
570
nm
615
nm
630
nm
655
nm
CRI CCT d
(mm)
d0.5
(mm)
ηR
lm/W
1 15 25 0 10 45 5 91 2501 6.2 1.8 253
2 15 15 10 15 0 45 93 2511 10.4 1.6 220
3 15 20 5 10 20 30 92 2536 8.9 1.7 229
4 15 25 0 5 40 15 88 2560 7.5 1.8 238
5 20 10 25 0 40 5 82 2586 7.1 1.6 277
6 15 20 5 5 15 40 89 2604 10.2 1.8 214
7 20 20 5 45 0 10 90 2614 5.2 1.5 278
8 15 25 0 0 35 25 84 2630 8.7 1.9 223
9 20 15 15 15 15 20 88 2679 7.9 1.6 257
10 20 20 10 10 35 5 93 2702 6.3 1.8 266
11 20 25 0 30 15 10 95 2733 5.8 1.8 262
12 20 15 15 5 10 35 89 2795 10.0 1.7 232
13 20 20 10 0 30 20 91 2821 8.4 1.9 241
14 20 25 0 20 10 25 91 2858 7.9 1.8 236
15 25 15 20 5 30 5 85 2913 6.7 1.8 274
16 25 20 10 25 10 10 89 2948 6.1 1.8 269
17 25 15 20 0 30 10 86 2960 7.5 1.9 264
18 25 20 10 20 10 15 90 2997 7.0 1.8 259
19 25 25 5 15 30 0 94 3022 5.3 2.0 268
20 25 20 10 15 10 20 91 3052 7.8 1.9 249
21 25 25 5 10 30 5 92 3078 6.1 2.0 258
22 25 25 5 5 30 10 90 3141 7.0 2.1 248
23 25 20 10 5 10 30 90 3183 9.5 1.9 228
24 25 25 5 0 30 15 88 3211 7.8 2.1 238
25 25 20 10 0 10 35 88 3261 10.3 2.0 218
26 30 25 5 15 15 10 92 3418 6.4 2.1 251
27 35 25 5 35 0 0 89 3531 3.9 2.0 274
28 35 20 15 10 20 0 85 3573 5.5 2.1 269
29 30 20 10 0 0 40 86 3733 11.2 2.1 206
30 35 25 5 20 5 10 91 3755 6.1 2.2 249
31 45 20 15 5 15 0 83 4492 5.6 2.4 249
32 40 25 5 5 10 15 88 4502 7.7 2.4 221
33 45 25 5 20 0 5 88 4638 5.2 2.4 239
34 45 30 0 10 15 0 89 5079 4.9 2.7 233
35 50 25 5 0 10 10 85 6206 7.4 2.7 206
36 55 25 5 15 0 0 84 6282 4.2 2.8 224
Table 6.1: Results of the light quality calculations where ﬁrst 6 columns show
the contribution of the diode and each of the nanocrystals towards the white
light spectrum. Column d shows the thickness of the nanocrystals layer
under study while d0.5 for the nanocrystals with 50% quantum eﬃciency;
ηR indicates the luminous eﬃcacy of radiation. Note, that the thickness is
expressed in millimetres.
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order to generate such temperatures more nanocrystals are needed. This is
the results of the smaller absorption probability of the smaller nanocrystals
as shown in the table 5.2. In order to generate cool white light more blue
photons are needed and less red photons, however the missing part of red
spectrum has to be substituted with photons from 530, 570 and 615 nm.
This eﬀect cannot be seen in the case of nanocrystals under study because
their quantum eﬃciency changes with their size. Also the highest achieved
value of CCT (shown in the table 6.1) is 6200 K which is much smaller
than set in requirements. Note that the CCT of 8800 K is obtained for the
CD < 5.4 · 10−3. This can be explained by the conditions which need to be
met in order to achieve white light with CD < 10−4 and high CRI index:
there should be balanced contribution from blue, green and red spectral re-
gion.
Luminous eﬃcacy of radiation ηR for the hybrid diode for nanocrystals
under study is shown in table 6.1. If we assume that all nanocrystals have
quantum eﬃciency of photoluminescence equal to 50% then, in this model,
number of nanocrystals will be reduced in order to meet the requirements.
The luminous eﬃcacy of radiation thus would not change. Those values
of achieved eﬃcacies would exceed most eﬃcient source of light which is
high discharge sodium vapour lamp and would approach the theoretically
predicted limit for the WLED based on the phosphors as colour conver-
sion material (300 lm/W). United States National Institute of Standard
and Technology (NIST) has shown that the maximum theoretical value of
luminous eﬃcacy of radiation for RGB based white light emitting diode is
over 400 lm/W [101].
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6.3 Analysis of the WLED components contribu-
tion
In order to understand how the contributions of the emission of each white
LED component inﬂuence the resulting light quality further analysis is nec-
essary. The discussion is based on the relations between CCT , CRI and
luminous eﬃcacy of radiation and light contribution from each of the hybrid
WLED component. Care has to be taken in this analysis as the presence of
the contribution of each of the component of the WLED is strongly corre-
lated with the rest of them. For example, white light with CCT ∼ 3500 K
could not be reached without the presence of the contribution of red light
and by looking at the row 27 in the table 6.1, one could draw misleading con-
clusions looking just at the contribution from 630 and 650 nm nanocrystals
(which is 0 for both) and not at the 615 nm (which is 35%).
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Figure 6.5: Inﬂuence of the contribution from the emission of the diode
and all the nanocrystal’ sizes on correlated colour temperature of resulting
white light based on table 6.1. Note that low sensitivity of CCT to a single
component means there are other components that can replace it.
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Figure 6.6: Inﬂuence of the contribution from the red and orange - red
emission on correlated colour temperature of resulting white light based on
table 6.1.
As expected, there is a clear correlation between percentage of the blue
light in the white light spectrum of the hybrid diode and the correlated
colour temperature: for bigger contribution of the blue light the higher is
the correlated colour temperature of the resulting white light, see table 6.1.
It is interesting to see how emission of each size of nanocrystals inﬂuences
the CCT of the white light spectrum. Figure 6.5 shows the CCT as a
function of the contribution of the emission of the diode and ﬁve sizes of
nanocrystals to white light spectrum. The subﬁgure on the top left, show-
ing CCT of the diode with peak emission wavelength of 450 nm conﬁrms the
correlation described above. Similar trend can be seen for the nanocrystals
with maximum emission wavelength of 530 nm; however the range of CCT
of the resulting white light which can be reached with increasing contribu-
tion of the light from these nanocrystals is broader. The inﬂuence of the
nanocrystals with maximum emission wavelength of 570, 615, 630 and 655
nm is opposite and wider CCT range is achievable at lower contributions.
The joint contribution from nanocrystals emitting above 600 nm is plotted
against CCT values as shown in ﬁgure 6.6. It shows that only one of red
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emitting nanocrystals (615 nm) is necessary to achieve wide range of CCT .
The eﬀect of the contribution of the diode and nanocrystals on the colour
rendering index of resulting white light is shown on the ﬁgure 6.7. For the
nanocrystals with peak emission wavelength above 600 nm (bottom three
graphs) almost any CRI can be reached (from 80 to 96), however the sum of
this contributions from red light should not be smaller than 10% and bigger
than 65% (as there is also need for blue to yellow light). The CRI however
increases with the sum from 615, 630 and 655 nm nanocrystals as shown
in ﬁgure 6.8. The opposite trend is for the 570 nm nanocrystals where its
bigger contribution reduces CRI. This is similar to the joint contribution
from 530 and 570 nm nanocrystals: bigger the contribution, lower the CRI,
as shown in ﬁgure 6.8. The green and yellow light should be kept in the
region between 20 and 40%.
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Figure 6.7: Inﬂuence of the contribution from diode and all sizes of nanocrys-
tals on colour rendering index of resulting white light.
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Figure 6.8: Inﬂuence of the contribution from nanocrystals emitting in red
region (615, 630 and 655 nm) and green to yellow (530 and 570 nm) on
colour rendering index of resulting white light.
For the contribution of the diode emission higher than 55% CRI > 90 cannot
be obtained from the same reasons why there should be no more than 65%
of red light. Opposite inﬂuence has contribution of nanocrystals with peak
emission wavelength of 530 nm - for its low value below 10% only CRI of
86 can be obtained and for increase of 530 nm emitting nanocrystals higher
CRI values can be reached. The fact that the CRI between 80 and 90
(which is highly desirable) can be achieved by any contribution from diode
and the nanocrystals might lead to the conclusion that the CRI value is not
inﬂuenced by the size of the contribution from each components but by the
presence of that component in the white light spectrum.
The eﬀect of the contribution of each type of nanocrystals and the diode
on luminous eﬃcacy of radiation is very strong. The luminous eﬃcacy de-
creases for higher contribution of diode or nanocrystals with peak emission
wavelength of 655 nm and it increases for nanocrystals emitting at 615 nm.
Moreover the high values of eﬃcacy can be generated by the diode with
contribution in a range 15 - 35% of 530 nm nanocrystals, 0 to 25% of 570
nm nanocrystals and 0 - 50% of 630 nm nanocrystals. These trends have
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Figure 6.9: Inﬂuence of the contribution from diode and all sizes of nanocrys-
tals on luminous eﬃcacy of radiation of resulting white light.
resulted from the eye response function: more light in the area where the
eye is not sensitive leads to luminous eﬃcacy decrease.
In order to conﬁrm how many nanocrystals are necessary for the white
light fulﬁlling quality conditions set at the beginning of this chapter calcu-
lations for diﬀerent sets of nanocrystals and the diode has been performed.
Tables 6.2 - 6.7 shows the results of the calculations. The choice of the
components for these calculations has been made on the basis of the knowl-
edge gained from the previous analysis: table 6.1 shows that the 530 nm
nanocrystals are crucial in order to obtain good CRI and high luminous ef-
ﬁcacy of radiation so those nanocrystals together with diode are obligatory.
For the sets which has contribution from 570 nm nanocrystals the contribu-
tion from only one red emitting nanocrystals was added. Those calculations
were followed by the obligatory contribution of 615 nm nanocrystals and one
of the remaining red emitting nanocrystals. From the sets with only three
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emission colours only the one with 615 nm produced the variations fulﬁlling
light quality conditions. Note that the CRI values are around 90 which are
comparable to ones in table 6.1 however the luminous eﬃcacy of radiation
is higher as expected from reducing the number of components. The CCT
values above ∼ 4500 K could not be reached. If four colours of hybrid diode
components are considered the eﬃcacy is still higher that the one shown in
the table 6.1 however its value depends on the presence of diﬀerent compo-
nents. It is the highest for the sets with 570 and 615 nm nanocrystals (see
table 6.3), it gets lower when 630 nm are used (see table 6.4) and is the
lowest for 655 nm nanocrystals (see table 6.5). As it has been mentioned
before it is related to the sensitivity of an eye in the region of emission of
these nanocrystals. The CRI shows opposite eﬀect and it increases with in-
creasing fraction of contribution from red emitting nanocrystals. The CCT
shows similar eﬀect which can be explained by the need of balancing the
blue and red contributions in order to meet the CRI requirement. It feels
counter-intuitive to add deep red to achieve cooler correlated colour tem-
perature however the chromaticity diagram (ﬁgure 6.2) shows that this is
necessary. This is also clearly visible if one compares row 1 of table 6.2 and
rows 2 and 3 of table 6.3. Reducing amount of red light (615 nm) from 65%
to 60% and then 55% and replacing it by 5% and than 10% of 570 nm light
causes increase of CCT and eﬃcacy but reduction of CRI. By adding 655
nm component (table 6.7) gives the chance to increase CCT beyond 4500 K.
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450
nm
530
nm
615
nm
CRI CCT η
lm/W
10 25 65 92 2688 323
10 30 60 91 3066 336
15 30 55 92 3411 323
15 35 50 89 3888 336
20 35 45 89 4478 324
Table 6.2: Results of the light quality calculations for diode (1st column) and
two sizes of nanocrystals (2nd and 3rd columns); η indicates the luminous
eﬃcacy of radiation.
450
nm
530
nm
570
nm
615
nm
CRI CCT η
lm/W
10 20 10 60 83 2677 338
10 25 5 60 88 2862 337
10 25 10 55 83 3033 351
15 25 10 50 84 3350 338
15 30 5 50 87 3609 337
20 30 5 45 88 4126 325
20 30 10 40 82 4326 339
25 35 5 35 83 5510 325
30 35 5 30 82 6773 313
35 35 5 25 80 8809 300
Table 6.3: Results of the light quality calculations for diode (1st column) and
three sizes of nanocrystals (2nd to 4th columns); η indicates the luminous
eﬃcacy of radiation.
96
450
nm
530
nm
570
nm
630
nm
CRI CCT η
lm/W
10 15 25 50 86 2762 315
10 20 20 50 89 2971 314
10 25 10 55 84 3000 294
10 20 25 45 83 3159 333
10 25 15 50 88 3202 313
15 20 25 40 83 3522 326
15 25 15 45 87 3608 306
15 25 20 40 85 3805 325
15 30 10 45 84 3924 305
20 25 20 35 84 4371 318
20 30 10 40 84 4580 297
20 30 15 35 84 4743 317
20 35 5 40 81 5001 296
25 30 15 30 82 5631 309
25 35 5 35 81 6066 289
30 30 15 25 81 6917 302
30 35 5 30 82 7677 282
Table 6.4: Results of the light quality calculations for diode (1st column) and
three sizes of nanocrystals (2nd to 4th columns); η indicates the luminous
eﬃcacy of radiation.
450
nm
530
nm
570
nm
655
nm
CRI CCT η
lm/W
10 15 15 60 81 3426 216
Table 6.5: Results of the light quality calculations for diode (1st column) and
three sizes of nanocrystals (2nd to 4th columns); η indicates the luminous
eﬃcacy of radiation.
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450
nm
530
nm
615
nm
630
nm
CRI CCT η
lm/W
10 30 20 40 81 3047 294
10 30 25 35 84 3049 299
10 30 30 30 87 3052 305
10 30 35 25 89 3054 310
10 30 40 20 91 3057 315
10 30 45 15 92 3059 320
10 30 50 10 93 3061 325
10 30 55 5 92 3063 330
15 35 45 5 90 3902 331
15 35 40 10 90 3918 326
15 35 35 15 89 3934 321
15 35 30 20 88 3950 316
15 35 25 25 86 3968 310
15 35 20 30 84 3986 305
15 35 15 35 82 4006 300
20 35 40 5 90 4510 319
20 35 35 10 89 4544 313
20 35 30 15 88 4580 308
20 35 25 20 86 4618 303
20 35 20 25 84 4658 298
20 35 15 30 82 4701 293
Table 6.6: Results of the light quality calculations for diode (1st column) and
three sizes of nanocrystals (2nd to 4th columns); η indicates the luminous
eﬃcacy of radiation.
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450
nm
530
nm
615
nm
655
nm
CRI CCT η
lm/W
10 25 60 5 93 2740 312
10 25 55 10 93 2798 302
10 25 50 15 93 2862 292
10 25 45 20 92 2934 282
10 25 40 25 89 3014 271
10 25 35 30 87 3105 261
10 30 55 5 92 3139 325
10 25 30 35 83 3209 251
10 30 50 10 92 3221 315
10 30 45 15 92 3311 305
10 30 40 20 90 3411 295
15 30 50 5 92 3519 313
15 30 45 10 91 3639 303
15 30 40 15 90 3774 292
15 30 35 20 88 3926 282
15 30 30 25 85 4099 272
15 30 25 30 83 4294 262
15 30 20 35 80 4518 251
20 35 40 5 89 4673 313
20 35 35 10 88 4891 303
20 30 25 25 83 4999 259
20 35 30 15 86 5136 293
20 35 25 20 84 5411 283
25 35 35 5 88 5640 301
25 35 30 10 86 5979 291
25 35 25 15 85 6367 281
25 35 20 20 83 6814 270
30 35 30 5 86 7162 289
30 35 25 10 85 7734 278
30 35 20 15 83 8414 268
Table 6.7: Results of the light quality calculations for diode (1st column) and
three sizes of nanocrystals (2nd to 4th columns); η indicates the luminous
eﬃcacy of radiation.
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6.4 Conclusions
From the analysis of over 5 ·104 variations of spectral distribution of radi-
ant energy of white light we can conclude that high values (> 80) of colour
rendering index for wide range of colour temperatures (2500 - 8800 K) can
be generated from hybrid diode consisting of electrically driven InGaN/GaN
chip and 10 x 10 cm layer of nanocrystals of diﬀerent sizes. In order to gen-
erate such quality light, from nanocrystals under study, thickness of colour
converting layer should be in the range between 4 and 11 mm. Luminous
eﬃcacy of radiation varies between 200 and 350 lm/W. The CRI ∼ 90 for
warm white light and high luminous eﬃcacy of radiation can be achieved
from only two sizes of nanocrystals (530 nm and 615 nm). If higher values
of CCT are required the additional 630 nm nanocrystals needs to be added.
Using ﬁve sizes of nanocrystals improves only slightly CRI index from 92
to 96 (for ∼ 2700 K) however the luminous eﬃcacy drops from 323 to 262
lm/W.
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Chapter 7
Conclusions
In this work, InP/ZnS colloidal nanocrystals as colour converting material in
white light emitting diodes have been investigated. The studied nanocrys-
tals have been synthesized using a one pot, hot injection method that allows
size tuning by adjusting time and precursors ratios.
Experiments described in this thesis show that the studied nanocrystals
consist of two populations: nanocrystals that emit light (bright) and the
ones that do not non-emit light (dark). The fraction of bright nanocrystals
in the total population is one order of magnitude bigger for the small parti-
cles (emitting at shorter wavelength) than for the large nanocrystals (with
an emission wavelength above 600 nm). Correlation of the optical investi-
gations with structural characterization points to the presence of extended
surfaces and interfaces between coalesced nanocrystals as the origin of the
defects responsible for the emission quenching. The quantum eﬃciency of
the bright population of nanocrystals is determined to be 64% at 660 nm.
Based on TRPL studies carrier dynamics in the nanocrystals is discussed
and the diagram illustrating energy levels is proposed. Bright and dark
exitonic levels coexist with trap states which are most likely located at the
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surface and at the core-shell interface. The long lived trapped carriers and
dark excitons lead to the Auger recombination at the temperature below
140 K. We expect thus that Auger recombination can cause problem in ap-
plications where NCs are strongly excited even at room temperature.
Two methods of exciting the nanocrystals have been considered: photon
absorption and resonant energy transfer. A very low absorption probability
combined with low quantum eﬃciency leads to colour conversion eﬃcien-
cies lower around 1%. The colour conversion eﬃciency for resonant energy
transfer is one order of magnitude higher than for the optical absorption
however due to low quantum eﬃciency of larger nanocrystals it is still below
5%. Although resonant energy transfer enhances the photon transfer from
blue LED to the NCs compared with absorption, the need to keep nanocrys-
tals in close proximity of the quantum well renders the eﬀect unsuitable for
light sources using standard blue LEDs. It may however be considered in
a combination with nanowire blue LEDs, where it could compete with the
surface recombination.
The simulation of the emission from hybrid white light emitting diode
consisting of layer of nanocrystals of diﬀerent sizes deposited on the In-
GaN/GaN diode has shown that the white light in a wide range of correlated
colour temperatures (2500 - 8800 K) can be generated with colour rendering
index above 80 (and even close to the ideal CRI, with value of 96) and
high luminous eﬃcacy. It is theoretically possible to achieve high luminous
eﬃcacy of radiation comparable to that theoretically predicted for phosphor
based WLED. Due to the low colour conversion eﬃciency, in order to obtain
a desired colour conversion the number of nanocrystals is learned to be large.
It is found that it is enough to use LED with only two nanocrystals (green
and red) to produce high quality light while adding additional components
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can be used to tune the CCT and luminous ﬂux or CRI.
An obvious extension of this work is to characterize experimentally InP/ZnS
nanocrystals based white light emitting diode. The important factor to
check is the colour stability over extended working hours and/or at ele-
vated temperatures. As discussed in chapter 2.1 the white light emitting
diodes experience the colour shift caused by the rise of the temperature.
An important factor which will inﬂuence the spectrum of white light and
which should be investigated in future both theoretically and experimen-
tally is the possibility of absorption and resonant energy transfer between
nanocrystals. As the RET rate scales with the distance to the power of 6
between zero-dimensional donor and zero dimensional acceptor (nanocrys-
tal to nanocrystal), even 2 nm distance between nanocrystals is enough to
prevent it. Absorption of light emitted at shorter wavelengths by the larger
nanocrystals cannot be avoided easily. Unless a method of preventing such
cross-absorption by optical engineering is developed (e.g. by spatially sep-
arating the nanocrystals, followed by light remixing), it should be included
in WLED analysis. For a design of white LED one should also include an
analysis of the optimal peak emission wavelengths for nanocrystals. In the
analysis performed here it is clear that removing one of the nanocrystal sam-
ples (either 630 nm or 655 nm) result in only a small decrease of CRI and
a large increase of luminous eﬃcacy of radiation.
In order to improve colour conversion eﬃciency, which is currently the
major drawback of the InP/ZnS nanocrystals for solid state lighting, fu-
ture work should focus on improving the quantum eﬃciency of InP/ZnS
nanocrystals to at least 50% for the required emission wavelengths. Since
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the eﬃciency of the InP/ZnS nanocrystals seems to decrease with increase of
size, it may be an option to change the material for the eﬃcient red emitters
to, for example, InAs. With a smaller bandgap than InP, smaller nanocrys-
tals of InAs would be needed to achieve the same wavelength of emission.
Further improvements could be considered that would lead to increase of
the absorption probability of the nanocrystals. One possibility would be to
grow thicker shell of the material which would absorb but not emit light
(excitons would decay to the core where they would recombine). Even more
attractive geometry would require a growth of two shells in order to even
extend the nanocrystals absorption area in the inner shell and protect the
excitons from the surface states with the outer shell.
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Subsidiary Information
Table 7.1: Results of the light quality calculations where ﬁrst 6 columns
show the contribution of the diode and each of the nanocrystals towards the
white light spectrum; ηR indicates the luminous eﬃcacy of radiation.
No 450
nm
530
nm
560
nm
615
nm
630
nm
655
nm
CRI CCT d
(mm)
d0.5
(mm)
η lm/W
1 15 25 0 10 45 5 91 2501 5.3 1.5 138
2 15 20 5 25 15 20 95 2501 6.2 1.4 233
3 10 20 5 0 15 50 87 2501 10.1 1.6 343
4 15 20 0 5 5 55 82 2502 10.0 1.5 324
5 15 25 0 25 35 0 95 2502 4.3 1.4 122
6 20 5 25 0 10 40 81 2502 8.9 1.2 299
7 15 20 5 40 5 15 92 2502 5.2 1.3 223
8 10 25 0 0 35 30 85 2502 8.2 1.7 259
9 10 20 5 15 5 45 92 2503 9.1 1.5 352
10 20 10 20 0 30 20 87 2503 7.0 1.3 206
11 10 25 0 15 25 25 91 2504 7.2 1.6 258
12 15 10 25 10 30 10 80 2504 6.1 1.3 186
13 20 15 15 0 50 0 91 2504 5.1 1.3 101
14 20 10 20 15 20 15 83 2504 6.0 1.2 197
15 20 10 20 30 10 10 80 2505 5.0 1.1 183
16 15 10 20 5 10 40 85 2506 8.9 1.3 322
17 15 15 15 5 30 20 90 2507 7.0 1.4 223
18 15 10 20 20 0 35 82 2507 7.9 1.2 323
19 15 15 15 20 20 15 87 2508 6.0 1.3 214
20 15 20 10 5 50 0 94 2508 5.2 1.5 114
21 20 15 10 10 20 25 94 2508 6.9 1.3 225
22 15 15 15 35 10 10 84 2508 5.0 1.2 200
23 20 15 10 25 10 20 90 2509 5.9 1.2 220
24 20 20 5 10 40 5 95 2509 5.1 1.4 128
25 15 15 15 50 0 5 81 2509 4.0 1.2 182
26 20 15 10 40 0 15 87 2509 4.9 1.1 211
27 20 20 5 25 30 0 94 2509 4.1 1.3 112
28 15 15 10 0 10 50 90 2510 9.8 1.4 327
29 15 15 10 15 0 45 93 2511 8.8 1.3 336
30 15 20 5 0 30 30 89 2511 8.0 1.5 246
31 15 20 5 15 20 25 94 2512 7.0 1.4 244
32 15 25 0 0 50 10 86 2512 6.1 1.6 154
105
33 15 20 5 30 10 20 94 2512 6.0 1.3 239
34 15 25 0 15 40 5 92 2512 5.1 1.5 142
35 15 20 5 45 0 15 90 2512 5.0 1.3 229
36 15 25 0 30 30 0 95 2512 4.1 1.4 126
37 15 10 25 0 35 15 82 2513 6.9 1.4 204
38 20 20 0 35 0 25 95 2513 5.9 1.2 241
39 10 20 5 5 10 50 88 2514 9.9 1.5 352
40 10 20 5 20 0 45 94 2514 8.9 1.5 361
41 20 5 25 5 5 40 80 2515 8.7 1.2 307
42 10 25 0 5 30 30 87 2515 8.0 1.6 266
43 10 25 0 20 20 25 93 2515 7.0 1.6 264
44 20 10 20 5 25 20 85 2515 6.8 1.2 211
45 20 10 20 20 15 15 82 2515 5.8 1.2 202
46 20 15 15 5 45 0 90 2515 4.9 1.3 105
47 15 20 0 10 0 55 85 2516 9.8 1.4 334
48 15 15 15 40 5 10 83 2518 4.8 1.2 205
49 15 10 20 10 5 40 84 2518 8.7 1.3 330
50 15 15 15 25 15 15 86 2518 5.8 1.3 219
51 15 15 15 10 25 20 89 2518 6.8 1.4 229
52 15 20 10 10 45 0 93 2518 5.0 1.5 117
53 20 15 10 30 5 20 89 2520 5.8 1.2 226
54 20 20 5 30 25 0 93 2520 3.9 1.3 116
55 20 15 10 15 15 25 93 2520 6.8 1.3 232
56 20 20 5 15 35 5 95 2520 4.9 1.3 132
57 15 20 5 35 5 20 93 2523 5.8 1.3 245
58 15 25 0 35 25 0 95 2523 3.9 1.4 129
59 15 20 5 20 15 25 95 2523 6.8 1.4 251
60 15 25 0 20 35 5 94 2523 4.9 1.5 146
61 15 10 25 5 30 15 81 2524 6.7 1.3 209
62 15 25 0 5 45 10 88 2524 5.9 1.6 159
63 15 20 5 5 25 30 91 2524 7.8 1.5 253
64 15 15 10 5 5 50 91 2524 9.7 1.4 336
65 20 10 20 25 10 15 81 2525 5.6 1.1 207
66 20 15 15 10 40 0 89 2526 4.7 1.3 108
67 20 10 20 10 20 20 84 2526 6.6 1.2 217
68 10 25 0 10 25 30 89 2526 7.8 1.6 273
69 10 20 5 10 5 50 90 2527 9.7 1.5 362
70 15 15 15 45 0 10 82 2527 4.7 1.2 209
71 15 15 15 30 10 15 85 2528 5.7 1.3 224
72 15 20 10 15 40 0 93 2528 4.8 1.4 121
73 15 15 15 15 20 20 88 2529 6.7 1.4 235
74 15 10 20 15 0 40 83 2529 8.5 1.3 338
75 15 20 10 0 50 5 94 2529 5.8 1.5 138
76 15 15 15 0 30 25 91 2530 7.7 1.4 241
77 15 10 20 0 10 45 86 2530 9.5 1.3 334
78 20 20 5 35 20 0 92 2530 3.7 1.2 119
79 20 15 10 35 0 20 88 2531 5.6 1.2 232
80 20 20 5 20 30 5 95 2532 4.7 1.3 136
81 20 15 10 20 10 25 92 2532 6.6 1.2 238
82 15 25 0 40 20 0 95 2532 3.7 1.4 132
83 15 20 5 40 0 20 92 2533 5.6 1.3 251
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84 20 20 5 5 40 10 93 2533 5.7 1.4 148
85 15 10 25 10 25 15 80 2533 6.5 1.3 215
86 15 25 0 25 30 5 95 2534 4.7 1.5 150
87 15 20 5 25 10 25 95 2534 6.6 1.4 257
88 15 25 0 10 40 10 90 2535 5.7 1.5 163
89 15 20 5 10 20 30 92 2536 7.6 1.4 260
90 20 15 15 15 35 0 88 2536 4.6 1.3 111
91 15 15 10 10 0 50 92 2536 9.5 1.4 346
92 15 15 15 35 5 15 84 2537 5.5 1.3 230
93 20 10 20 15 15 20 83 2537 6.4 1.2 222
94 10 25 0 15 20 30 90 2538 7.6 1.6 281
95 15 20 10 20 35 0 91 2538 4.6 1.4 124
96 20 15 15 0 45 5 91 2538 5.6 1.4 128
97 20 20 0 30 0 30 95 2538 6.5 1.3 256
98 10 20 5 15 0 50 92 2538 9.5 1.5 372
99 15 15 15 20 15 20 87 2539 6.5 1.3 241
100 20 10 20 0 25 25 87 2539 7.4 1.3 229
101 10 25 0 0 30 35 84 2540 8.6 1.7 280
102 15 20 10 5 45 5 94 2540 5.6 1.5 141
103 20 5 25 0 5 45 81 2540 9.3 1.2 319
104 20 20 5 40 15 0 91 2540 3.5 1.2 122
105 10 20 5 0 10 55 86 2541 10.5 1.6 360
106 15 15 15 5 25 25 90 2541 7.5 1.4 248
107 15 25 0 45 15 0 94 2542 3.5 1.4 136
108 15 10 20 5 5 45 85 2542 9.3 1.3 343
109 20 20 5 25 25 5 94 2542 4.5 1.3 139
110 20 15 10 25 5 25 91 2543 6.4 1.2 244
111 15 25 0 30 25 5 95 2544 4.5 1.4 154
112 15 15 20 0 50 0 87 2544 5.5 1.5 116
113 15 20 5 30 5 25 94 2545 6.4 1.4 264
114 20 20 5 10 35 10 94 2545 5.5 1.4 152
115 15 10 25 0 30 20 82 2545 7.3 1.4 231
116 20 15 10 10 15 30 94 2546 7.4 1.3 247
117 15 25 0 15 35 10 92 2546 5.5 1.5 168
118 15 15 15 40 0 15 83 2546 5.3 1.2 235
119 20 15 15 20 30 0 87 2546 4.4 1.3 114
120 15 20 0 5 0 60 81 2547 10.4 1.5 338
121 15 20 5 15 15 30 94 2547 7.4 1.4 267
122 15 20 10 25 30 0 90 2547 4.4 1.4 127
123 20 10 20 20 10 20 82 2548 6.2 1.2 228
124 15 15 15 25 10 20 86 2549 6.3 1.3 247
125 25 15 10 40 10 0 86 2549 3.3 1.1 112
126 15 25 0 0 45 15 85 2549 6.5 1.6 177
127 20 15 15 5 40 5 90 2549 5.4 1.3 131
128 20 20 5 45 10 0 90 2550 3.3 1.2 125
129 15 20 10 10 40 5 93 2550 5.4 1.5 145
130 20 10 20 5 20 25 85 2550 7.2 1.3 235
131 15 20 5 0 25 35 88 2550 8.4 1.5 266
132 15 25 0 50 10 0 93 2551 3.4 1.3 139
133 15 15 15 10 20 25 89 2551 7.3 1.4 254
134 10 25 0 5 25 35 86 2551 8.4 1.6 287
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135 15 15 10 0 5 55 89 2552 10.3 1.4 343
136 20 20 5 30 20 5 93 2553 4.3 1.3 143
137 20 10 25 0 45 0 82 2553 5.2 1.3 106
138 15 10 20 10 0 45 84 2553 9.1 1.3 352
139 10 20 5 5 5 55 88 2553 10.3 1.6 370
140 15 25 0 35 20 5 95 2553 4.4 1.4 158
141 15 15 20 5 45 0 86 2553 5.3 1.4 119
142 20 15 10 30 0 25 89 2554 6.2 1.2 251
143 15 20 5 35 0 25 93 2555 6.2 1.3 270
144 15 10 25 5 25 20 81 2555 7.1 1.3 237
145 25 10 20 20 25 0 82 2555 4.2 1.1 104
146 20 20 5 15 30 10 95 2556 5.3 1.4 157
147 20 15 15 25 25 0 86 2556 4.2 1.2 117
148 15 20 10 30 25 0 89 2557 4.2 1.4 131
149 15 25 0 20 30 10 94 2557 5.4 1.5 172
150 20 10 20 25 5 20 81 2558 6.1 1.2 234
151 20 15 10 15 10 30 93 2558 7.2 1.3 254
152 15 15 15 30 5 20 85 2558 6.1 1.3 252
153 15 20 5 20 10 30 95 2558 7.2 1.4 274
154 25 15 10 45 5 0 85 2559 3.1 1.0 115
155 20 20 5 50 5 0 89 2559 3.1 1.2 129
156 20 15 15 10 35 5 89 2559 5.2 1.3 135
157 15 25 0 55 5 0 92 2559 3.2 1.3 143
158 15 20 10 15 35 5 93 2560 5.2 1.4 149
159 15 25 0 5 40 15 88 2560 6.4 1.6 182
160 20 10 20 10 15 25 84 2561 7.1 1.2 241
161 15 15 15 15 15 25 88 2562 7.1 1.4 260
162 20 10 25 5 40 0 81 2562 5.1 1.3 109
163 15 20 5 5 20 35 90 2562 8.2 1.5 273
164 15 15 20 10 40 0 85 2563 5.1 1.4 122
165 20 20 5 35 15 5 92 2563 4.1 1.3 147
166 10 25 0 10 20 35 88 2563 8.3 1.6 295
167 15 25 0 40 15 5 95 2563 4.2 1.4 162
168 15 20 10 0 45 10 93 2564 6.2 1.5 163
169 15 10 25 10 20 20 80 2564 7.0 1.3 242
170 15 15 10 5 0 55 91 2565 10.1 1.4 353
171 10 20 5 10 0 55 89 2565 10.1 1.5 380
172 25 10 20 25 20 0 81 2565 4.0 1.1 107
173 20 15 15 30 20 0 85 2565 4.0 1.2 120
174 15 20 10 35 20 0 88 2565 4.0 1.3 134
175 15 15 15 0 25 30 90 2566 8.1 1.4 264
176 15 25 0 25 25 10 95 2567 5.2 1.5 177
177 20 20 5 20 25 10 95 2567 5.1 1.3 161
178 15 15 15 35 0 20 84 2567 5.9 1.3 258
179 15 25 0 60 0 0 91 2568 3.0 1.3 147
180 20 20 5 55 0 0 88 2568 2.9 1.2 132
181 15 10 20 0 5 50 86 2568 10.0 1.4 353
182 25 15 10 50 0 0 84 2568 2.9 1.0 119
183 15 20 5 25 5 30 95 2569 7.0 1.4 281
184 20 15 10 20 5 30 92 2569 7.0 1.2 260
185 15 20 10 20 30 5 92 2569 5.0 1.4 153
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186 20 15 15 15 30 5 88 2569 5.0 1.3 139
187 15 15 20 15 35 0 84 2571 4.9 1.4 125
188 15 15 15 20 10 25 87 2571 6.9 1.3 267
189 15 25 0 10 35 15 90 2571 6.2 1.5 187
190 20 10 25 10 35 0 80 2572 4.9 1.3 112
191 20 10 20 15 10 25 83 2572 6.9 1.2 247
192 20 20 5 5 35 15 92 2572 6.1 1.4 171
193 15 25 0 45 10 5 94 2572 4.0 1.4 166
194 20 20 5 40 10 5 91 2572 3.9 1.2 151
195 15 20 10 5 40 10 94 2574 6.0 1.5 168
196 15 20 10 40 15 0 87 2574 3.8 1.3 137
197 15 20 5 10 15 35 92 2574 8.0 1.5 281
198 20 15 15 0 40 10 91 2574 6.0 1.4 153
199 20 15 15 35 15 0 84 2574 3.8 1.2 123
200 20 15 10 5 15 35 93 2575 8.0 1.3 260
201 15 15 20 0 45 5 87 2576 5.9 1.5 144
202 15 15 15 5 20 30 90 2576 7.9 1.4 271
203 15 25 0 30 20 10 95 2576 5.0 1.4 181
204 20 10 20 0 20 30 86 2577 7.9 1.3 251
205 20 20 5 25 20 10 95 2577 4.9 1.3 166
206 15 20 10 25 25 5 90 2578 4.8 1.4 157
207 15 10 25 0 25 25 82 2578 7.8 1.4 257
208 20 15 15 20 25 5 87 2579 4.8 1.3 142
209 15 20 5 30 0 30 94 2579 6.9 1.4 288
210 15 10 20 5 0 50 85 2579 9.8 1.3 363
211 10 25 0 0 25 40 83 2579 9.1 1.7 299
212 25 10 20 15 25 5 83 2580 4.8 1.1 128
213 20 15 10 25 0 30 91 2580 6.8 1.2 267
214 20 5 25 0 0 50 81 2580 9.7 1.2 338
215 15 25 0 50 5 5 93 2581 3.8 1.3 170
216 15 15 15 25 5 25 86 2581 6.7 1.3 273
217 20 20 5 45 5 5 90 2581 3.8 1.2 155
218 20 10 20 20 5 25 82 2582 6.7 1.2 253
219 15 25 0 15 30 15 92 2582 6.0 1.5 192
220 15 20 10 45 10 0 86 2582 3.7 1.3 141
221 25 15 10 40 5 5 86 2582 3.7 1.1 140
222 10 20 5 0 5 60 85 2583 10.9 1.6 376
223 20 15 15 40 10 0 83 2583 3.6 1.2 127
224 20 20 5 10 30 15 94 2583 5.9 1.4 176
225 15 20 10 10 35 10 93 2583 5.8 1.5 172
226 20 15 15 5 35 10 90 2584 5.8 1.3 157
227 15 15 20 5 40 5 86 2585 5.7 1.4 148
228 15 20 5 15 10 35 93 2585 7.9 1.4 288
229 15 25 0 35 15 10 95 2586 4.8 1.4 186
230 20 10 25 0 40 5 82 2586 5.7 1.3 134
231 20 15 10 10 10 35 93 2586 7.8 1.3 267
232 15 15 15 10 15 30 89 2586 7.7 1.4 278
233 15 20 10 30 20 5 89 2587 4.7 1.4 161
234 20 20 5 30 15 10 94 2587 4.8 1.3 170
235 15 10 25 5 20 25 81 2588 7.6 1.4 263
236 20 10 20 5 15 30 85 2588 7.7 1.3 257
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237 20 15 15 25 20 5 86 2588 4.6 1.2 146
238 15 25 0 0 40 20 85 2588 7.0 1.6 199
239 15 25 0 55 0 5 92 2589 3.6 1.3 174
240 25 10 20 20 20 5 82 2589 4.6 1.1 132
241 15 15 15 30 0 25 85 2590 6.5 1.3 280
242 20 20 5 50 0 5 89 2590 3.6 1.2 159
243 10 25 0 5 20 40 85 2590 8.9 1.6 307
244 20 15 15 45 5 0 82 2591 3.4 1.1 130
245 20 10 20 25 0 25 81 2591 6.5 1.2 260
246 25 15 10 45 0 5 85 2592 3.5 1.1 144
247 15 25 0 20 25 15 93 2592 5.8 1.5 197
248 15 20 5 0 20 40 88 2592 8.9 1.5 285
249 15 20 10 15 30 10 93 2593 5.7 1.5 177
250 15 15 20 10 35 5 85 2593 5.5 1.4 152
251 20 20 5 15 25 15 95 2594 5.8 1.4 181
252 10 20 5 5 0 60 87 2594 10.8 1.6 387
253 20 15 15 10 30 10 89 2594 5.6 1.3 161
254 15 25 0 40 10 10 95 2595 4.6 1.4 191
255 20 10 25 5 35 5 81 2595 5.5 1.3 138
256 15 20 10 35 15 5 88 2595 4.5 1.4 165
257 15 20 5 20 5 35 94 2596 7.7 1.4 296
258 15 15 15 15 10 30 88 2596 7.5 1.4 285
259 20 20 5 35 10 10 92 2596 4.6 1.3 174
260 15 15 10 0 0 60 89 2597 10.7 1.4 359
261 15 10 25 10 15 25 80 2597 7.4 1.3 269
262 20 15 15 30 15 5 85 2597 4.4 1.2 150
263 20 25 0 0 55 0 86 2597 4.9 1.5 93
264 20 15 10 15 5 35 93 2598 7.6 1.3 274
265 20 10 20 10 10 30 84 2598 7.5 1.2 264
266 25 10 20 25 15 5 81 2599 4.4 1.1 136
267 20 15 15 50 0 0 81 2599 3.2 1.1 133
268 15 25 0 5 35 20 87 2599 6.8 1.6 205
269 15 20 10 0 40 15 93 2600 6.7 1.5 188
270 15 25 0 25 20 15 95 2602 5.6 1.5 203
271 20 20 5 0 35 20 90 2602 6.8 1.4 187
272 15 20 10 20 25 10 92 2602 5.5 1.4 181
273 15 25 0 45 5 10 94 2603 4.4 1.4 195
274 15 20 10 40 10 5 87 2603 4.3 1.3 169
275 15 20 5 5 15 40 89 2604 8.7 1.5 293
276 15 15 15 0 20 35 90 2604 8.5 1.4 286
277 20 20 5 20 20 15 95 2604 5.6 1.3 186
278 20 15 15 15 25 10 88 2604 5.4 1.3 166
279 20 10 25 10 30 5 80 2604 5.3 1.3 141
280 15 15 15 20 5 30 87 2606 7.3 1.3 292
281 20 15 15 35 10 5 84 2606 4.2 1.2 154
282 15 20 5 25 0 35 95 2606 7.5 1.4 304
283 20 20 5 40 5 10 91 2606 4.4 1.2 179
284 20 25 0 5 50 0 88 2608 4.7 1.5 96
285 20 10 20 15 5 30 83 2608 7.3 1.2 271
286 25 15 10 35 5 10 88 2608 4.3 1.1 163
287 15 10 20 0 0 55 85 2608 10.4 1.4 372
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288 20 15 10 20 0 35 92 2608 7.4 1.3 282
289 15 15 20 0 40 10 87 2609 6.3 1.5 172
290 15 20 10 5 35 15 93 2609 6.5 1.5 193
291 15 25 0 10 30 20 89 2610 6.6 1.5 210
292 15 20 10 25 20 10 90 2610 5.3 1.4 186
293 15 25 0 30 15 15 95 2611 5.4 1.5 208
294 15 25 0 50 0 10 93 2612 4.2 1.4 200
295 20 15 15 0 35 15 91 2612 6.4 1.4 177
296 20 20 5 5 30 20 91 2613 6.6 1.4 193
297 20 15 15 20 20 10 87 2613 5.2 1.3 170
298 15 10 25 0 20 30 82 2613 8.2 1.4 282
299 20 20 5 25 15 15 95 2614 5.4 1.3 191
300 15 15 15 5 15 35 90 2614 8.3 1.4 293
301 20 15 15 40 5 5 83 2614 4.1 1.2 158
302 20 20 5 45 0 10 90 2614 4.2 1.2 184
303 15 15 15 25 0 30 86 2615 7.2 1.3 299
304 15 20 5 10 10 40 91 2615 8.5 1.5 301
305 25 10 20 15 20 10 83 2616 5.2 1.1 155
306 20 10 20 0 15 35 86 2617 8.3 1.3 272
307 25 15 10 40 0 10 86 2617 4.2 1.1 168
308 20 10 20 20 0 30 82 2618 7.1 1.2 278
309 15 15 20 5 35 10 86 2618 6.2 1.4 177
310 20 25 0 10 45 0 90 2618 4.5 1.5 100
311 20 15 10 5 10 40 92 2618 8.4 1.3 278
312 15 20 10 10 30 15 93 2619 6.3 1.5 199
313 15 20 10 30 15 10 89 2619 5.1 1.4 191
314 15 25 0 15 25 20 91 2620 6.4 1.5 216
315 15 25 0 35 10 15 95 2620 5.2 1.4 213
316 20 10 25 0 35 10 82 2621 6.1 1.3 161
317 10 25 0 0 20 45 82 2621 9.5 1.7 318
318 20 15 15 45 0 5 82 2622 3.9 1.2 162
319 20 15 15 25 15 10 86 2622 5.1 1.3 174
320 20 15 15 5 30 15 90 2622 6.2 1.4 182
321 15 10 25 5 15 30 81 2622 8.0 1.4 288
322 20 20 5 30 10 15 94 2623 5.2 1.3 196
323 20 20 5 10 25 20 93 2623 6.4 1.4 198
324 15 15 15 10 10 35 89 2623 8.2 1.4 301
325 15 20 5 15 5 40 92 2625 8.3 1.4 309
326 25 10 20 20 15 10 82 2625 5.0 1.1 159
327 15 15 20 10 30 10 85 2626 6.0 1.4 181
328 15 20 10 35 10 10 88 2627 4.9 1.4 195
329 10 20 5 0 0 65 84 2627 11.4 1.6 392
330 20 10 20 5 10 35 85 2627 8.1 1.3 279
331 15 20 10 15 25 15 92 2627 6.1 1.5 204
332 20 25 0 15 40 0 92 2628 4.3 1.5 103
333 15 25 0 40 5 15 95 2628 5.0 1.4 218
334 15 25 0 20 20 20 93 2629 6.2 1.5 222
335 20 15 10 10 5 40 93 2629 8.3 1.3 286
336 20 10 25 5 30 10 81 2629 5.9 1.3 166
337 15 25 0 0 35 25 84 2630 7.4 1.6 220
338 20 15 15 30 10 10 85 2630 4.9 1.2 179
111
339 15 10 25 10 10 30 80 2631 7.8 1.3 295
340 20 15 15 10 25 15 89 2631 6.1 1.3 187
341 15 25 5 0 55 0 91 2632 5.2 1.6 107
342 20 20 5 35 5 15 92 2632 5.0 1.3 201
343 15 15 15 15 5 35 88 2633 8.0 1.4 309
344 20 20 5 15 20 20 94 2634 6.2 1.4 204
345 25 10 20 25 10 10 81 2634 4.8 1.1 163
346 15 20 5 20 0 40 94 2635 8.1 1.4 317
347 15 20 10 20 20 15 91 2636 5.9 1.4 209
348 15 25 0 45 0 15 94 2637 4.9 1.4 224
349 15 20 5 0 15 45 87 2637 9.3 1.5 303
350 20 25 0 20 35 0 94 2637 4.1 1.4 106
351 20 10 20 10 5 35 84 2637 7.9 1.2 287
352 15 20 10 0 35 20 92 2638 7.1 1.5 213
353 15 25 0 25 15 20 94 2638 6.0 1.5 228
354 20 15 15 35 5 10 84 2638 4.7 1.2 183
355 20 25 0 0 50 5 85 2639 5.3 1.5 117
356 20 15 10 15 0 40 93 2640 8.1 1.3 294
357 20 15 15 15 20 15 88 2640 5.9 1.3 192
358 15 25 0 5 30 25 86 2640 7.2 1.6 226
359 15 25 5 5 50 0 93 2641 5.0 1.6 110
360 20 20 5 40 0 15 91 2641 4.8 1.2 206
361 15 15 15 20 0 35 87 2642 7.8 1.4 316
362 20 20 5 20 15 20 95 2643 6.0 1.3 210
363 15 15 20 0 35 15 87 2644 6.8 1.5 199
364 15 15 15 0 15 40 89 2644 9.0 1.5 307
365 15 20 10 25 15 15 90 2644 5.7 1.4 214
366 25 10 20 10 20 15 84 2645 5.8 1.2 176
367 20 20 10 0 50 0 94 2646 5.0 1.5 98
368 25 15 10 35 0 15 88 2646 4.8 1.1 189
369 20 25 0 25 30 0 94 2646 4.0 1.4 109
370 20 20 5 0 30 25 89 2646 7.2 1.4 208
371 20 15 15 40 0 10 82 2646 4.5 1.2 188
372 20 10 20 15 0 35 83 2647 7.7 1.2 294
373 15 20 10 5 30 20 93 2647 6.9 1.5 218
374 15 25 0 30 10 20 95 2647 5.9 1.5 233
375 15 20 5 5 10 45 89 2647 9.1 1.5 311
376 20 15 15 20 15 15 87 2649 5.7 1.3 197
377 20 25 0 5 45 5 88 2649 5.1 1.5 121
378 15 25 5 10 45 0 94 2649 4.9 1.6 114
379 15 10 25 0 15 35 82 2650 8.6 1.4 305
380 15 25 0 10 25 25 89 2650 7.0 1.6 233
381 15 15 20 5 30 15 86 2652 6.6 1.5 205
382 15 20 10 30 10 15 89 2652 5.5 1.4 219
383 20 15 15 0 30 20 91 2652 6.9 1.4 201
384 20 20 5 25 10 20 95 2652 5.8 1.3 215
385 15 15 15 5 10 40 89 2653 8.8 1.4 315
386 25 10 20 15 15 15 83 2654 5.6 1.2 180
387 20 25 0 30 25 0 95 2655 3.8 1.4 112
388 20 20 10 5 45 0 94 2655 4.8 1.4 101
389 15 25 0 35 5 20 95 2655 5.7 1.4 239
112
390 15 20 10 10 25 20 93 2656 6.7 1.5 224
391 20 20 5 5 25 25 91 2657 7.0 1.4 214
392 15 25 5 15 40 0 95 2657 4.7 1.6 117
393 20 15 15 25 10 15 86 2657 5.5 1.3 202
394 20 10 25 0 30 15 82 2657 6.6 1.3 188
395 15 20 5 10 5 45 90 2658 8.9 1.5 320
396 15 10 25 5 10 35 81 2658 8.5 1.4 313
397 20 25 0 10 40 5 90 2659 5.0 1.5 124
398 15 25 0 15 20 25 90 2660 6.9 1.5 239
399 20 10 20 0 10 40 86 2660 8.7 1.3 292
400 20 20 5 30 5 20 94 2661 5.6 1.3 221
401 20 15 15 5 25 20 90 2662 6.7 1.4 206
402 15 15 15 10 5 40 89 2662 8.6 1.4 323
403 20 25 0 35 20 0 95 2663 3.6 1.4 115
404 20 20 10 10 40 0 93 2663 4.6 1.4 104
405 25 10 20 20 10 15 82 2663 5.5 1.1 185
406 15 25 0 40 0 20 95 2664 5.5 1.4 245
407 15 20 10 15 20 20 92 2664 6.5 1.5 230
408 20 15 10 5 5 45 91 2665 8.9 1.3 296
409 15 25 5 20 35 0 95 2665 4.5 1.5 120
410 20 15 15 30 5 15 85 2665 5.3 1.2 207
411 20 10 25 5 25 15 81 2666 6.4 1.3 193
412 20 20 5 10 20 25 92 2666 6.8 1.4 220
413 15 20 5 15 0 45 92 2667 8.7 1.5 329
414 20 25 0 15 35 5 92 2668 4.8 1.5 128
415 15 25 0 20 15 25 92 2668 6.7 1.5 245
416 25 20 5 30 20 0 93 2669 3.5 1.2 102
417 20 10 20 5 5 40 85 2669 8.6 1.3 300
418 25 15 15 5 40 0 90 2670 4.6 1.3 92
419 20 20 5 35 0 20 93 2670 5.4 1.3 227
420 15 25 5 0 50 5 91 2670 5.7 1.6 134
421 20 15 15 10 20 20 89 2670 6.5 1.3 212
422 20 25 0 40 15 0 94 2671 3.4 1.3 118
423 15 15 15 15 0 40 88 2671 8.4 1.4 331
424 20 20 10 15 35 0 92 2671 4.4 1.4 107
425 25 10 20 25 5 15 81 2672 5.3 1.1 190
426 15 20 10 20 15 20 91 2672 6.3 1.5 235
427 15 25 5 25 30 0 94 2673 4.3 1.5 123
428 20 15 15 35 0 15 83 2673 5.1 1.2 212
429 15 20 15 0 50 0 91 2673 5.3 1.6 112
430 15 25 0 0 30 30 84 2675 7.9 1.6 240
431 20 15 10 10 0 45 92 2675 8.7 1.3 305
432 20 20 5 15 15 25 94 2676 6.6 1.4 226
433 20 25 0 20 30 5 93 2676 4.6 1.4 132
434 15 25 0 25 10 25 94 2677 6.5 1.5 252
435 25 20 5 35 15 0 92 2677 3.4 1.2 105
436 15 20 10 0 30 25 91 2678 7.5 1.5 236
437 25 15 15 10 35 0 89 2678 4.4 1.3 95
438 15 25 5 5 45 5 92 2678 5.5 1.6 137
439 20 25 0 45 10 0 94 2678 3.2 1.3 122
440 20 10 20 10 0 40 84 2679 8.4 1.3 308
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441 20 15 15 15 15 20 88 2679 6.3 1.3 217
442 20 20 10 20 30 0 91 2679 4.3 1.4 110
443 15 20 10 25 10 20 90 2680 6.2 1.4 241
444 15 15 20 0 30 20 86 2681 7.2 1.5 226
445 20 25 0 0 45 10 85 2683 5.8 1.5 140
446 15 25 0 5 25 30 86 2684 7.7 1.6 247
447 15 20 5 0 10 50 86 2684 9.7 1.5 320
448 20 25 0 25 25 5 94 2685 4.4 1.4 135
449 20 20 5 20 10 25 95 2685 6.4 1.4 233
450 15 25 0 30 5 25 95 2685 6.3 1.5 258
451 25 20 5 40 10 0 91 2685 3.2 1.2 109
452 20 25 0 50 5 0 93 2686 3.0 1.3 125
453 20 20 10 0 45 5 93 2686 5.4 1.5 124
454 15 25 5 10 40 5 93 2686 5.3 1.6 141
455 25 15 15 15 30 0 88 2686 4.2 1.2 98
456 15 20 10 5 25 25 92 2686 7.3 1.5 242
457 20 20 10 25 25 0 90 2687 4.1 1.4 113
458 25 10 20 10 15 20 84 2687 6.3 1.2 200
459 15 15 15 0 10 45 88 2687 9.4 1.5 327
460 20 15 15 20 10 20 87 2687 6.1 1.3 223
461 20 15 20 0 45 0 87 2688 5.1 1.4 102
462 15 10 25 0 10 40 82 2689 9.1 1.4 329
463 20 25 0 55 0 0 92 2693 2.8 1.3 128
464 20 25 0 30 20 5 95 2693 4.2 1.4 139
465 20 25 0 5 40 10 87 2693 5.6 1.5 144
466 25 20 5 45 5 0 90 2693 3.0 1.2 112
467 15 25 0 35 0 25 95 2693 6.1 1.4 265
468 15 25 0 10 20 30 88 2693 7.5 1.6 254
469 20 20 5 25 5 25 95 2693 6.3 1.3 239
470 20 20 5 0 25 30 88 2694 7.6 1.5 228
471 15 25 5 15 35 5 94 2694 5.1 1.6 145
472 20 20 10 30 20 0 89 2694 3.9 1.3 116
473 20 20 10 5 40 5 94 2694 5.3 1.5 127
474 15 20 5 5 5 50 88 2694 9.5 1.5 329
475 25 15 15 20 25 0 87 2694 4.0 1.2 101
476 15 20 10 10 20 25 92 2694 7.2 1.5 248
477 20 15 15 25 5 20 86 2695 5.9 1.3 228
478 20 15 15 0 25 25 90 2695 7.3 1.4 223
479 25 10 20 15 10 20 83 2695 6.1 1.2 205
480 20 15 20 5 40 0 86 2695 4.9 1.4 105
481 15 15 15 5 5 45 89 2695 9.2 1.4 336
482 20 10 25 0 25 20 82 2696 7.0 1.3 213
483 25 20 5 50 0 0 88 2700 2.8 1.1 115
484 20 25 0 35 15 5 95 2700 4.0 1.4 143
485 20 20 10 35 15 0 88 2701 3.7 1.3 120
486 15 25 5 20 30 5 94 2701 4.9 1.5 149
487 20 25 0 10 35 10 89 2701 5.4 1.5 148
488 20 20 5 30 0 25 94 2702 6.1 1.3 245
489 25 15 15 25 20 0 85 2702 3.8 1.2 104
490 15 25 0 15 15 30 90 2702 7.3 1.5 261
491 20 20 10 10 35 5 93 2702 5.1 1.4 131
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492 20 15 15 30 0 20 85 2702 5.7 1.2 234
493 15 20 10 15 15 25 92 2702 7.0 1.5 255
494 20 15 20 10 35 0 84 2702 4.7 1.4 108
495 20 20 5 5 20 30 90 2703 7.4 1.4 234
496 25 10 20 20 5 20 82 2703 5.9 1.1 211
497 15 20 5 10 0 50 89 2703 9.3 1.5 338
498 25 10 25 0 40 0 82 2703 4.9 1.3 93
499 20 15 15 5 20 25 90 2703 7.1 1.4 229
500 20 10 25 5 20 20 81 2704 6.8 1.3 219
501 15 15 15 10 0 45 88 2704 9.0 1.4 344
502 20 15 10 0 5 50 89 2705 9.5 1.4 304
503 20 10 20 0 5 45 86 2705 9.2 1.3 312
504 20 20 10 40 10 0 87 2708 3.5 1.3 123
505 20 25 0 40 10 5 95 2708 3.8 1.4 147
506 25 15 15 30 15 0 84 2709 3.7 1.2 107
507 25 20 5 30 15 5 93 2709 4.0 1.2 129
508 20 15 20 15 30 0 83 2709 4.6 1.3 111
509 20 20 10 15 30 5 92 2710 4.9 1.4 135
510 15 20 10 20 10 25 91 2710 6.8 1.5 261
511 20 25 0 15 30 10 91 2710 5.2 1.5 153
512 15 25 0 20 10 30 91 2710 7.1 1.5 268
513 15 25 5 0 45 10 90 2710 6.1 1.6 159
514 25 10 20 25 0 20 81 2711 5.7 1.1 216
515 25 10 25 5 35 0 81 2711 4.7 1.2 96
516 25 15 15 5 35 5 90 2711 5.0 1.3 118
517 20 15 15 10 15 25 89 2712 6.9 1.3 236
518 20 20 5 10 15 30 92 2712 7.3 1.4 241
519 20 20 10 45 5 0 86 2714 3.3 1.3 126
520 20 10 20 5 0 45 85 2714 9.0 1.3 320
521 20 25 0 45 5 5 94 2715 3.6 1.3 151
522 20 15 10 5 0 50 91 2715 9.3 1.3 313
523 20 15 20 20 25 0 82 2716 4.4 1.3 114
524 25 15 15 35 10 0 83 2716 3.5 1.2 110
525 20 20 10 20 25 5 91 2717 4.7 1.4 138
526 25 20 5 35 10 5 92 2717 3.8 1.2 133
527 15 25 5 5 40 10 92 2718 5.9 1.6 164
528 20 25 0 20 25 10 93 2718 5.0 1.4 157
529 15 25 0 25 5 30 93 2718 6.9 1.5 275
530 25 15 15 10 30 5 89 2719 4.8 1.3 121
531 20 15 15 15 10 25 88 2719 6.7 1.3 242
532 20 20 10 50 0 0 85 2720 3.1 1.2 129
533 15 20 10 0 25 30 91 2720 8.0 1.6 258
534 20 20 5 15 10 30 93 2721 7.1 1.4 248
535 20 25 0 50 0 5 93 2721 3.4 1.3 155
536 15 25 0 0 25 35 83 2722 8.3 1.6 260
537 20 15 20 25 20 0 81 2722 4.2 1.3 117
538 25 15 15 40 5 0 82 2723 3.3 1.1 113
539 20 20 10 25 20 5 90 2724 4.5 1.4 142
540 25 20 5 40 5 5 91 2724 3.6 1.2 136
541 15 25 5 10 35 10 93 2725 5.7 1.6 168
542 15 25 0 30 0 30 94 2725 6.7 1.5 282
115
543 20 25 0 25 20 10 94 2725 4.8 1.4 161
544 20 15 20 0 40 5 86 2726 5.6 1.4 130
545 20 15 15 20 5 25 87 2727 6.6 1.3 248
546 25 15 15 15 25 5 88 2727 4.7 1.3 125
547 15 20 10 5 20 30 91 2728 7.8 1.5 265
548 20 20 10 0 40 10 93 2728 5.9 1.5 149
549 20 15 20 30 15 0 80 2728 4.0 1.3 121
550 20 20 5 20 5 30 94 2729 6.9 1.4 255
551 25 15 15 45 0 0 81 2729 3.1 1.1 116
552 25 10 20 10 10 25 84 2730 6.7 1.2 223
553 20 20 10 30 15 5 89 2730 4.3 1.3 146
554 15 25 0 5 20 35 85 2731 8.1 1.6 267
555 20 25 0 0 40 15 84 2731 6.2 1.5 162
556 25 20 5 45 0 5 90 2731 3.4 1.2 140
557 15 25 5 15 30 10 94 2732 5.5 1.6 172
558 15 15 15 0 5 50 88 2732 9.8 1.5 346
559 20 25 0 30 15 10 95 2733 4.6 1.4 166
560 20 15 20 5 35 5 85 2733 5.4 1.4 134
561 20 15 15 25 0 25 86 2734 6.4 1.3 254
562 25 15 15 20 20 5 86 2734 4.5 1.2 128
563 15 20 5 0 5 55 85 2735 10.2 1.5 336
564 15 20 10 10 15 30 92 2736 7.6 1.5 272
565 20 20 10 5 35 10 93 2736 5.7 1.5 153
566 20 20 5 25 0 30 94 2737 6.7 1.3 261
567 20 10 25 0 20 25 82 2737 7.4 1.3 238
568 20 20 10 35 10 5 88 2737 4.1 1.3 150
569 25 10 20 15 5 25 83 2738 6.5 1.2 229
570 15 25 0 10 15 35 87 2739 7.9 1.6 275
571 20 25 0 5 35 15 87 2739 6.0 1.5 167
572 20 15 20 10 30 5 84 2740 5.2 1.4 137
573 20 25 0 35 10 10 95 2740 4.4 1.4 170
574 15 15 15 5 0 50 88 2740 9.7 1.5 355
575 20 15 15 0 20 30 90 2740 7.7 1.4 245
576 25 15 15 25 15 5 85 2741 4.3 1.2 132
577 15 20 10 15 10 30 92 2743 7.4 1.5 279
578 20 20 10 10 30 10 93 2743 5.5 1.4 157
579 20 20 10 40 5 5 87 2743 3.9 1.3 154
580 20 10 25 5 15 25 81 2744 7.2 1.3 244
581 15 20 5 5 0 55 87 2744 10.0 1.5 346
582 25 10 25 0 35 5 82 2744 5.3 1.3 120
583 20 20 5 0 20 35 87 2744 8.1 1.5 246
584 25 20 5 25 15 10 94 2745 4.6 1.3 151
585 25 10 20 20 0 25 82 2745 6.3 1.1 235
586 20 15 20 15 25 5 83 2746 5.0 1.4 141
587 20 25 0 40 5 10 95 2747 4.3 1.4 175
588 15 25 0 15 10 35 89 2747 7.7 1.6 282
589 20 25 0 10 30 15 89 2747 5.8 1.5 171
590 25 15 15 30 10 5 84 2748 4.1 1.2 135
591 20 15 15 5 15 30 90 2748 7.6 1.4 252
592 25 15 15 0 35 10 91 2748 5.7 1.3 139
593 20 20 10 45 0 5 86 2749 3.8 1.3 157
116
594 20 20 10 15 25 10 92 2750 5.3 1.4 161
595 25 10 25 5 30 5 81 2751 5.1 1.2 124
596 25 20 5 30 10 10 93 2752 4.4 1.2 155
597 20 15 20 20 20 5 82 2752 4.8 1.3 145
598 15 25 5 0 40 15 89 2752 6.5 1.7 184
599 20 20 5 5 15 35 89 2753 7.9 1.4 254
600 20 25 0 45 0 10 94 2753 4.1 1.3 179
601 20 10 20 0 0 50 85 2754 9.6 1.3 330
602 25 15 15 35 5 5 83 2754 3.9 1.2 139
603 15 25 0 20 5 35 91 2754 7.5 1.5 290
604 20 25 0 15 25 15 91 2755 5.6 1.5 176
605 20 15 15 10 10 30 89 2755 7.4 1.4 258
606 25 15 15 5 30 10 90 2756 5.5 1.3 143
607 20 20 10 20 20 10 91 2757 5.1 1.4 166
608 20 15 20 25 15 5 81 2758 4.6 1.3 148
609 25 20 5 35 5 10 92 2759 4.2 1.2 159
610 15 25 5 5 35 15 91 2759 6.4 1.6 189
611 20 15 10 0 0 55 89 2760 9.9 1.4 320
612 25 15 15 40 0 5 82 2760 3.7 1.1 143
613 20 20 5 10 10 35 91 2761 7.7 1.4 261
614 15 25 0 25 0 35 92 2761 7.4 1.5 297
615 20 25 0 20 20 15 92 2762 5.4 1.5 181
616 20 15 15 15 5 30 88 2762 7.2 1.3 265
617 20 20 10 25 15 10 90 2763 4.9 1.4 170
618 25 15 15 10 25 10 89 2763 5.3 1.3 147
619 20 15 20 30 10 5 80 2764 4.4 1.3 152
620 25 20 5 40 0 10 91 2765 4.0 1.2 163
621 15 20 10 0 20 35 90 2765 8.4 1.6 280
622 15 25 5 10 30 15 92 2766 6.2 1.6 194
623 20 15 20 0 35 10 86 2767 6.0 1.4 157
624 20 20 5 15 5 35 92 2769 7.5 1.4 268
625 20 25 0 25 15 15 94 2769 5.3 1.4 186
626 20 15 15 20 0 30 87 2769 7.0 1.3 272
627 20 20 10 30 10 10 89 2769 4.8 1.3 174
628 25 15 15 15 20 10 88 2770 5.1 1.3 151
629 25 10 20 5 10 30 85 2770 7.3 1.2 239
630 15 20 10 5 15 35 91 2772 8.2 1.5 287
631 15 25 0 0 20 40 82 2773 8.7 1.6 278
632 20 15 20 5 30 10 85 2773 5.8 1.4 161
633 20 20 10 0 35 15 92 2773 6.3 1.5 173
634 20 20 10 35 5 10 88 2775 4.6 1.3 179
635 20 25 0 30 10 15 95 2775 5.1 1.4 191
636 20 20 5 20 0 35 94 2776 7.3 1.4 276
637 25 15 15 20 15 10 86 2776 4.9 1.2 155
638 25 10 20 10 5 30 84 2777 7.1 1.2 245
639 20 15 20 10 25 10 84 2779 5.6 1.4 165
640 15 20 10 10 10 35 91 2779 8.0 1.5 295
641 20 10 25 0 15 30 81 2780 7.9 1.3 262
642 20 20 10 5 30 15 93 2780 6.1 1.5 177
643 15 15 15 0 0 55 87 2780 10.3 1.5 364
644 15 25 0 5 15 40 84 2780 8.5 1.6 286
117
645 20 20 10 40 0 10 87 2780 4.4 1.3 183
646 20 25 0 0 35 20 84 2781 6.6 1.6 183
647 20 25 0 35 5 15 95 2781 4.9 1.4 196
648 25 15 15 25 10 10 85 2782 4.7 1.2 159
649 15 30 0 0 55 0 87 2783 5.1 1.7 104
650 25 10 20 15 0 30 83 2784 7.0 1.2 252
651 20 15 20 15 20 10 83 2785 5.4 1.4 170
652 20 10 25 5 10 30 80 2786 7.7 1.3 269
653 20 20 10 10 25 15 93 2786 5.9 1.4 182
654 25 10 25 0 30 10 81 2787 5.8 1.3 146
655 15 25 0 10 10 40 86 2787 8.4 1.6 294
656 20 25 0 40 0 15 95 2787 4.7 1.4 201
657 25 15 15 30 5 10 84 2788 4.5 1.2 163
658 20 15 15 0 15 35 89 2788 8.2 1.4 266
659 20 25 0 5 30 20 86 2789 6.4 1.5 188
660 15 30 0 5 50 0 89 2789 4.9 1.7 107
661 15 20 5 0 0 60 84 2790 10.6 1.5 351
662 20 15 20 20 15 10 82 2790 5.2 1.3 174
663 25 20 5 25 10 15 94 2791 5.0 1.3 175
664 20 20 10 15 20 15 92 2793 5.8 1.4 187
665 25 10 25 5 25 10 80 2793 5.6 1.3 151
666 25 15 15 35 0 10 83 2794 4.3 1.2 167
667 15 25 0 15 5 40 88 2794 8.2 1.6 303
668 20 15 15 5 10 35 89 2795 8.0 1.4 273
669 20 15 20 25 10 10 81 2795 5.1 1.3 178
670 20 25 0 10 25 20 88 2796 6.3 1.5 194
671 25 15 15 0 30 15 91 2796 6.1 1.3 162
672 25 20 5 30 5 15 93 2797 4.9 1.3 180
673 15 25 5 0 35 20 89 2797 7.0 1.7 208
674 20 20 10 20 15 15 91 2798 5.6 1.4 192
675 20 20 5 0 15 40 87 2799 8.5 1.5 264
676 20 15 20 30 5 10 80 2801 4.9 1.3 183
677 15 25 0 20 0 40 90 2801 8.0 1.5 311
678 20 15 15 10 5 35 88 2801 7.8 1.4 281
679 20 25 0 15 20 20 90 2802 6.1 1.5 199
680 25 15 15 5 25 15 90 2803 5.9 1.3 167
681 25 20 5 35 0 15 92 2803 4.7 1.2 185
682 15 25 5 5 30 20 90 2803 6.8 1.6 213
683 20 20 10 25 10 15 90 2804 5.4 1.4 197
684 20 25 5 0 50 0 91 2805 4.9 1.6 95
685 20 20 5 5 10 40 88 2806 8.3 1.5 272
686 20 15 15 15 0 35 88 2808 7.6 1.3 288
687 20 25 0 20 15 20 92 2808 5.9 1.5 205
688 25 15 15 10 20 15 89 2809 5.7 1.3 171
689 20 20 10 30 5 15 89 2809 5.2 1.4 202
690 20 15 20 0 30 15 86 2810 6.4 1.4 183
691 25 25 0 15 35 0 91 2810 4.0 1.4 90
692 20 25 5 5 45 0 92 2810 4.7 1.6 98
693 20 20 5 10 5 40 90 2813 8.1 1.4 280
694 15 20 10 0 15 40 89 2813 8.8 1.6 300
695 20 25 0 25 10 20 93 2814 5.7 1.4 210
118
696 20 20 10 35 0 15 88 2815 5.0 1.3 207
697 25 15 15 15 15 15 88 2815 5.5 1.3 176
698 20 15 20 5 25 15 85 2815 6.2 1.4 188
699 20 25 5 10 40 0 93 2816 4.5 1.5 101
700 25 25 0 20 30 0 93 2816 3.8 1.4 93
701 15 20 10 5 10 40 90 2819 8.7 1.6 308
702 20 20 5 15 0 40 92 2820 7.9 1.4 288
703 20 25 0 30 5 20 95 2820 5.5 1.4 216
704 25 10 20 5 5 35 85 2820 7.8 1.2 260
705 20 15 20 10 20 15 84 2820 6.1 1.4 193
706 25 15 15 20 10 15 86 2821 5.3 1.2 181
707 20 20 10 0 30 20 91 2821 6.8 1.5 196
708 20 25 5 15 35 0 94 2821 4.3 1.5 104
709 25 25 0 25 25 0 94 2822 3.6 1.4 96
710 20 15 20 15 15 15 83 2825 5.9 1.4 198
711 20 25 0 35 0 20 95 2825 5.3 1.4 221
712 20 10 25 0 10 35 81 2825 8.3 1.4 285
713 25 15 15 25 5 15 85 2826 5.2 1.2 185
714 25 10 20 10 0 35 84 2826 7.6 1.2 267
715 20 25 5 20 30 0 94 2826 4.1 1.5 107
716 15 25 0 0 15 45 81 2827 9.2 1.6 296
717 20 20 10 5 25 20 92 2827 6.6 1.5 201
718 15 30 0 0 50 5 87 2827 5.5 1.8 130
719 25 25 0 30 20 0 94 2827 3.4 1.3 99
720 25 20 10 0 45 0 93 2829 4.7 1.4 86
721 20 15 20 20 10 15 82 2830 5.7 1.3 203
722 20 10 25 5 5 35 80 2831 8.1 1.3 292
723 25 15 15 30 0 15 84 2831 5.0 1.2 190
724 20 25 5 25 25 0 93 2831 3.9 1.5 110
725 20 20 10 10 20 20 92 2832 6.4 1.5 207
726 25 25 0 35 15 0 94 2833 3.2 1.3 102
727 25 10 25 0 25 15 81 2833 6.2 1.3 172
728 15 25 0 5 10 45 84 2833 9.0 1.6 304
729 25 20 5 20 10 20 94 2834 5.7 1.3 193
730 25 20 10 5 40 0 94 2834 4.5 1.4 89
731 20 15 20 25 5 15 81 2835 5.5 1.3 208
732 20 25 0 0 30 25 83 2835 7.1 1.6 203
733 20 25 5 30 20 0 93 2836 3.8 1.5 113
734 25 25 0 40 10 0 94 2838 3.0 1.3 105
735 20 20 10 15 15 20 92 2838 6.2 1.4 212
736 20 20 15 0 45 0 90 2838 5.0 1.5 99
737 25 10 25 5 20 15 80 2838 6.0 1.3 177
738 15 25 0 10 5 45 86 2839 8.8 1.6 313
739 25 20 5 25 5 20 94 2839 5.5 1.3 198
740 20 15 15 0 10 40 88 2839 8.6 1.4 286
741 25 20 10 10 35 0 93 2840 4.3 1.4 91
742 20 25 5 35 15 0 92 2840 3.6 1.4 116
743 20 25 0 5 25 25 86 2841 6.9 1.5 209
744 25 25 0 45 5 0 93 2842 2.9 1.3 108
745 20 20 10 20 10 20 91 2843 6.0 1.4 218
746 20 20 15 5 40 0 89 2843 4.8 1.5 102
119
747 15 25 5 0 30 25 88 2845 7.4 1.7 230
748 25 20 10 15 30 0 92 2845 4.1 1.4 94
749 15 25 0 15 0 45 88 2845 8.6 1.6 322
750 25 20 5 30 0 20 93 2845 5.3 1.3 204
751 20 25 5 40 10 0 90 2845 3.4 1.4 119
752 20 15 15 5 5 40 89 2845 8.4 1.4 294
753 25 25 0 50 0 0 92 2847 2.7 1.3 111
754 20 20 15 10 35 0 88 2847 4.6 1.5 105
755 20 25 0 10 20 25 88 2847 6.7 1.5 215
756 20 20 10 25 5 20 90 2847 5.8 1.4 223
757 25 15 15 0 25 20 90 2848 6.5 1.3 184
758 20 25 5 45 5 0 89 2849 3.2 1.4 122
759 25 20 10 20 25 0 91 2849 3.9 1.3 97
760 20 15 15 10 0 40 88 2850 8.2 1.4 302
761 20 20 15 15 30 0 87 2851 4.4 1.5 108
762 20 20 10 30 0 20 89 2852 5.6 1.4 229
763 20 25 5 0 45 5 90 2852 5.3 1.6 120
764 20 25 0 15 15 25 90 2853 6.5 1.5 221
765 25 15 15 5 20 20 90 2853 6.3 1.3 190
766 25 20 10 25 20 0 90 2854 3.7 1.3 100
767 20 15 20 0 25 20 86 2855 6.9 1.4 208
768 20 20 15 20 25 0 86 2856 4.3 1.4 111
769 20 25 5 5 40 5 92 2857 5.1 1.6 124
770 20 20 5 0 10 45 86 2857 8.9 1.5 281
771 20 25 0 20 10 25 91 2858 6.3 1.5 227
772 25 15 15 10 15 20 89 2858 6.2 1.3 195
773 25 20 10 30 15 0 88 2858 3.5 1.3 103
774 20 15 20 5 20 20 85 2859 6.7 1.4 214
775 25 25 0 15 30 5 91 2860 4.4 1.4 115
776 20 25 5 10 35 5 93 2861 4.9 1.5 127
777 25 15 20 0 40 0 86 2862 4.8 1.4 90
778 25 20 10 35 10 0 87 2863 3.3 1.3 106
779 20 25 0 25 5 25 93 2863 6.1 1.5 233
780 25 15 15 15 10 20 87 2863 6.0 1.3 200
781 20 20 5 5 5 45 88 2863 8.8 1.5 290
782 20 15 20 10 15 20 84 2864 6.5 1.4 219
783 15 20 10 0 10 45 88 2864 9.3 1.6 320
784 25 25 0 20 25 5 93 2865 4.2 1.4 118
785 20 25 5 15 30 5 94 2866 4.8 1.5 131
786 25 15 20 5 35 0 85 2866 4.6 1.4 92
787 30 20 5 45 0 0 89 2866 2.6 1.1 99
788 25 20 10 40 5 0 86 2867 3.2 1.2 109
789 20 25 0 30 0 25 94 2867 5.9 1.4 240
790 25 15 15 20 5 20 86 2868 5.8 1.3 206
791 20 15 20 15 10 20 83 2868 6.3 1.4 225
792 20 20 5 10 0 45 89 2869 8.6 1.4 298
793 25 10 20 0 5 40 86 2869 8.4 1.3 272
794 25 25 0 25 20 5 94 2870 4.0 1.4 122
795 20 25 5 20 25 5 94 2870 4.6 1.5 134
796 25 15 20 10 30 0 84 2870 4.4 1.3 95
797 25 20 10 45 0 0 85 2871 3.0 1.2 112
120
798 20 20 10 0 25 25 91 2872 7.2 1.5 218
799 20 15 20 20 5 20 82 2872 6.1 1.4 230
800 25 15 15 25 0 20 85 2872 5.6 1.2 211
801 20 10 25 0 5 40 81 2874 8.7 1.4 307
802 25 10 20 5 0 40 85 2874 8.2 1.2 280
803 20 25 5 25 20 5 93 2874 4.4 1.5 138
804 25 15 20 15 25 0 83 2874 4.2 1.3 98
805 25 25 0 30 15 5 94 2875 3.9 1.4 125
806 20 20 10 5 20 25 91 2876 7.0 1.5 224
807 20 25 5 30 15 5 92 2878 4.2 1.5 142
808 25 15 20 20 20 0 82 2878 4.0 1.3 101
809 25 25 0 35 10 5 94 2879 3.7 1.3 129
810 30 15 15 25 15 0 85 2879 3.5 1.2 91
811 25 20 10 0 40 5 93 2879 5.1 1.4 111
812 20 20 10 10 15 25 92 2881 6.8 1.5 230
813 25 10 25 0 20 20 81 2881 6.6 1.3 197
814 20 25 5 35 10 5 91 2882 4.0 1.4 146
815 25 15 20 25 15 0 81 2882 3.8 1.3 104
816 20 20 15 0 40 5 90 2883 5.4 1.5 126
817 25 25 0 40 5 5 94 2883 3.5 1.3 132
818 30 15 15 30 10 0 84 2883 3.3 1.1 94
819 25 20 10 5 35 5 93 2884 4.9 1.4 114
820 15 25 0 0 10 50 80 2884 9.6 1.6 312
821 20 20 10 15 10 25 91 2885 6.6 1.4 236
822 25 10 25 5 15 20 80 2885 6.5 1.3 202
823 20 25 5 40 5 5 90 2885 3.8 1.4 149
824 20 20 15 5 35 5 89 2886 5.3 1.5 130
825 25 20 5 20 5 25 94 2887 6.1 1.3 215
826 25 25 0 45 0 5 93 2887 3.3 1.3 136
827 30 15 15 35 5 0 83 2887 3.1 1.1 96
828 25 20 10 10 30 5 93 2888 4.7 1.4 117
829 30 10 25 0 35 0 81 2888 4.6 1.2 81
830 20 20 10 20 5 25 91 2889 6.4 1.4 242
831 15 25 0 5 5 50 83 2889 9.4 1.6 322
832 20 20 15 10 30 5 88 2890 5.1 1.5 133
833 30 15 15 40 0 0 81 2891 2.9 1.1 99
834 25 20 5 25 0 25 94 2891 5.9 1.3 221
835 25 20 10 15 25 5 92 2892 4.5 1.4 121
836 30 10 25 5 30 0 80 2892 4.4 1.2 83
837 20 20 10 25 0 25 90 2893 6.3 1.4 249
838 20 25 0 0 25 30 83 2893 7.5 1.6 222
839 20 20 15 15 25 5 87 2894 4.9 1.5 137
840 15 25 0 10 0 50 85 2894 9.2 1.6 331
841 20 15 15 0 5 45 88 2894 9.1 1.4 305
842 25 20 10 20 20 5 91 2896 4.3 1.3 124
843 20 25 0 5 20 30 85 2898 7.3 1.6 229
844 20 15 15 5 0 45 88 2898 8.9 1.4 314
845 25 20 10 25 15 5 89 2900 4.2 1.3 128
846 20 25 5 0 40 10 89 2902 5.8 1.6 145
847 25 15 15 0 20 25 90 2902 7.0 1.4 206
848 20 25 0 10 15 30 87 2902 7.1 1.5 235
121
849 20 15 20 0 20 25 86 2902 7.3 1.5 233
850 25 20 10 30 10 5 88 2903 4.0 1.3 131
851 20 25 5 5 35 10 91 2906 5.6 1.6 149
852 20 15 20 5 15 25 85 2906 7.1 1.4 239
853 25 15 15 5 15 25 89 2906 6.8 1.3 212
854 20 25 0 15 10 30 89 2906 6.9 1.5 242
855 25 20 10 35 5 5 87 2907 3.8 1.3 135
856 25 15 20 0 35 5 86 2909 5.2 1.4 116
857 20 15 20 10 10 25 84 2909 6.9 1.4 245
858 20 25 5 10 30 10 92 2910 5.4 1.6 153
859 25 20 10 40 0 5 86 2910 3.6 1.3 139
860 25 15 15 10 10 25 88 2910 6.6 1.3 218
861 25 25 0 10 30 10 88 2910 5.0 1.5 134
862 20 25 0 20 5 30 91 2910 6.8 1.5 249
863 20 15 20 15 5 25 83 2913 6.7 1.4 251
864 25 15 20 5 30 5 85 2913 5.0 1.4 120
865 20 25 5 15 25 10 93 2913 5.2 1.5 157
866 25 15 15 15 5 25 87 2914 6.4 1.3 224
867 20 25 0 25 0 30 92 2914 6.6 1.5 256
868 25 25 0 15 25 10 90 2914 4.9 1.4 138
869 25 15 20 10 25 5 84 2916 4.8 1.3 123
870 20 25 5 20 20 10 94 2916 5.0 1.5 161
871 25 15 15 20 0 25 86 2917 6.2 1.3 230
872 25 25 0 20 20 10 92 2918 4.7 1.4 142
873 25 15 20 15 20 5 83 2919 4.7 1.3 127
874 20 25 5 25 15 10 93 2919 4.8 1.5 166
875 20 20 5 0 5 50 85 2920 9.4 1.5 297
876 25 25 0 25 15 10 94 2921 4.5 1.4 147
877 25 15 20 20 15 5 82 2922 4.5 1.3 130
878 20 25 5 30 10 10 92 2922 4.6 1.5 170
879 20 20 5 5 0 50 87 2924 9.2 1.5 306
880 30 15 15 20 15 5 86 2925 4.1 1.2 115
881 20 10 25 0 0 45 80 2925 9.2 1.4 328
882 25 25 0 30 10 10 94 2925 4.3 1.4 151
883 25 15 20 25 10 5 81 2925 4.3 1.3 134
884 20 25 5 35 5 10 91 2925 4.4 1.4 174
885 20 20 10 0 20 30 90 2926 7.6 1.5 239
886 30 15 15 25 10 5 85 2928 3.9 1.2 118
887 25 10 20 0 0 45 85 2928 8.8 1.3 290
888 25 25 0 35 5 10 95 2928 4.1 1.3 155
889 20 20 10 5 15 30 91 2929 7.4 1.5 246
890 20 20 15 0 35 10 90 2930 5.9 1.5 153
891 30 15 15 30 5 5 84 2931 3.7 1.1 121
892 25 25 0 40 0 10 94 2931 3.9 1.3 159
893 25 10 25 0 15 25 81 2932 7.1 1.3 220
894 20 20 10 10 10 30 91 2932 7.3 1.5 253
895 20 20 15 5 30 10 89 2933 5.7 1.5 157
896 25 20 10 0 35 10 92 2933 5.5 1.4 135
897 30 15 15 35 0 5 82 2934 3.6 1.1 125
898 20 20 10 15 5 30 91 2935 7.1 1.5 259
899 20 20 15 10 25 10 88 2935 5.5 1.5 161
122
900 25 20 10 5 30 10 93 2937 5.3 1.4 139
901 20 20 10 20 0 30 90 2938 6.9 1.4 266
902 30 10 25 0 30 5 81 2939 5.0 1.2 107
903 25 20 10 10 25 10 92 2940 5.2 1.4 143
904 25 20 5 15 5 30 92 2940 6.7 1.3 229
905 25 20 10 15 20 10 92 2942 5.0 1.4 147
906 25 20 5 20 0 30 94 2943 6.5 1.3 236
907 25 20 10 20 15 10 91 2945 4.8 1.4 151
908 25 20 10 25 10 10 89 2948 4.6 1.3 155
909 15 25 0 5 0 55 82 2949 9.9 1.6 338
910 25 20 10 30 5 10 88 2950 4.4 1.3 159
911 20 15 15 0 0 50 87 2952 9.5 1.4 323
912 25 20 10 35 0 10 87 2953 4.2 1.3 163
913 20 15 20 0 15 30 85 2953 7.7 1.5 256
914 20 25 0 0 20 35 82 2955 7.9 1.6 240
915 20 25 5 0 35 15 89 2955 6.2 1.6 168
916 20 15 20 5 10 30 84 2955 7.6 1.4 263
917 20 15 20 10 5 30 83 2958 7.4 1.4 270
918 20 25 5 5 30 15 90 2958 6.0 1.6 173
919 20 25 0 5 15 35 84 2958 7.8 1.6 248
920 25 15 20 0 30 10 86 2960 5.7 1.4 142
921 25 15 15 0 15 30 89 2960 7.4 1.4 227
922 20 25 5 10 25 15 92 2960 5.8 1.6 178
923 20 25 0 10 10 35 86 2961 7.6 1.5 255
924 25 15 20 5 25 10 85 2962 5.5 1.4 146
925 20 25 5 15 20 15 93 2963 5.6 1.5 183
926 25 15 15 5 10 30 89 2963 7.2 1.3 233
927 20 25 0 15 5 35 88 2963 7.4 1.5 262
928 25 15 20 10 20 10 83 2964 5.3 1.3 150
929 20 25 5 20 15 15 93 2965 5.4 1.5 187
930 25 15 15 10 5 30 88 2966 7.0 1.3 240
931 20 25 0 20 0 35 90 2966 7.2 1.5 270
932 25 15 20 15 15 10 82 2967 5.1 1.3 154
933 20 25 5 25 10 15 93 2967 5.3 1.5 192
934 25 15 15 15 0 30 87 2968 6.8 1.3 246
935 25 15 20 20 10 10 81 2969 4.9 1.3 159
936 25 25 0 10 25 15 88 2969 5.5 1.5 156
937 20 25 5 30 5 15 92 2969 5.1 1.5 197
938 25 15 20 25 5 10 80 2971 4.7 1.3 163
939 25 25 0 15 20 15 90 2971 5.3 1.4 161
940 25 25 0 20 15 15 92 2974 5.1 1.4 166
941 25 25 0 25 10 15 93 2976 4.9 1.4 170
942 30 15 15 20 10 10 86 2977 4.6 1.2 140
943 25 25 0 30 5 15 94 2978 4.7 1.4 175
944 20 20 15 0 30 15 89 2979 6.3 1.6 179
945 30 15 15 25 5 10 85 2979 4.4 1.2 144
946 25 25 0 35 0 15 95 2980 4.5 1.4 180
947 20 20 15 5 25 15 89 2981 6.1 1.5 183
948 30 15 15 30 0 10 83 2981 4.2 1.2 148
949 20 20 10 0 15 35 89 2983 8.1 1.5 260
950 20 30 0 0 50 0 87 2983 4.8 1.7 91
123
951 20 20 10 5 10 35 90 2985 7.9 1.5 267
952 20 30 0 5 45 0 88 2985 4.6 1.7 94
953 25 10 25 0 10 30 81 2986 7.5 1.3 243
954 20 20 10 10 5 35 90 2987 7.7 1.5 274
955 20 30 0 10 40 0 90 2987 4.4 1.7 97
956 20 20 5 0 0 55 84 2988 9.8 1.5 312
957 20 30 0 15 35 0 92 2988 4.2 1.6 100
958 20 20 10 15 0 35 90 2989 7.5 1.5 282
959 20 30 0 20 30 0 93 2990 4.0 1.6 103
960 25 20 10 0 30 15 91 2991 6.0 1.5 158
961 20 30 0 25 25 0 94 2992 3.8 1.6 106
962 25 20 10 5 25 15 92 2992 5.8 1.4 162
963 30 10 25 0 25 10 81 2993 5.4 1.2 132
964 25 20 10 10 20 15 92 2994 5.6 1.4 167
965 25 20 10 15 15 15 91 2996 5.4 1.4 171
966 25 20 10 20 10 15 90 2997 5.2 1.4 176
967 25 20 10 25 5 15 89 2999 5.0 1.3 181
968 25 20 10 30 0 15 88 3000 4.8 1.3 186
969 25 20 5 10 5 35 90 3001 7.3 1.4 242
970 25 20 5 15 0 35 92 3002 7.2 1.4 249
971 20 25 10 0 45 0 91 3005 4.9 1.7 95
972 20 15 20 0 10 35 85 3006 8.2 1.5 279
973 20 15 20 5 5 35 84 3007 8.0 1.5 286
974 20 25 5 0 30 20 88 3012 6.6 1.6 191
975 20 25 5 5 25 20 90 3013 6.4 1.6 196
976 25 15 20 0 25 15 85 3013 6.1 1.4 168
977 20 25 5 10 20 20 91 3014 6.3 1.6 202
978 25 15 20 5 20 15 84 3014 5.9 1.4 172
979 20 25 5 15 15 20 92 3015 6.1 1.6 207
980 25 15 20 10 15 15 83 3015 5.7 1.4 177
981 20 25 5 20 10 20 93 3016 5.9 1.5 213
982 25 15 20 15 10 15 82 3016 5.5 1.3 181
983 20 25 5 25 5 20 93 3017 5.7 1.5 218
984 25 15 20 20 5 15 81 3017 5.3 1.3 186
985 25 15 20 25 0 15 80 3018 5.2 1.3 191
986 25 25 5 0 45 0 90 3019 4.5 1.5 83
987 25 25 5 5 40 0 92 3020 4.4 1.5 85
988 25 25 5 10 35 0 93 3021 4.2 1.5 88
989 20 25 0 0 15 40 81 3021 8.4 1.6 258
990 25 25 5 15 30 0 94 3022 4.0 1.5 91
991 20 25 0 5 10 40 84 3022 8.2 1.6 266
992 25 15 15 0 10 35 88 3022 7.8 1.4 247
993 25 25 5 20 25 0 94 3023 3.8 1.5 94
994 20 25 0 10 5 40 86 3023 8.0 1.5 274
995 25 15 15 5 5 35 88 3023 7.7 1.3 254
996 25 25 5 25 20 0 93 3024 3.6 1.4 97
997 25 15 15 10 0 35 88 3024 7.5 1.3 261
998 20 25 0 15 0 40 88 3024 7.8 1.5 282
999 25 25 5 30 15 0 92 3024 3.4 1.4 99
1000 25 25 5 35 10 0 91 3025 3.2 1.4 102
1001 25 25 5 40 5 0 90 3026 3.0 1.4 105
124
1002 25 25 5 45 0 0 89 3027 2.9 1.3 108
1003 25 25 0 5 25 20 85 3031 6.1 1.5 172
1004 25 25 0 10 20 20 87 3032 5.9 1.5 178
1005 25 25 0 15 15 20 89 3032 5.7 1.5 183
1006 30 15 15 15 10 15 87 3033 5.2 1.2 161
1007 25 25 0 20 10 20 91 3033 5.5 1.4 188
1008 30 15 15 20 5 15 86 3034 5.0 1.2 165
1009 25 25 0 25 5 20 93 3034 5.4 1.4 194
1010 30 15 15 25 0 15 85 3034 4.8 1.2 170
1011 25 25 0 30 0 20 94 3034 5.2 1.4 199
1012 25 20 15 0 40 0 90 3039 4.7 1.5 86
1013 20 30 0 0 45 5 86 3039 5.2 1.7 116
1014 25 20 15 5 35 0 89 3039 4.5 1.5 89
1015 20 30 0 5 40 5 88 3039 5.0 1.7 120
1016 25 20 15 10 30 0 88 3040 4.3 1.4 92
1017 20 30 0 10 35 5 90 3040 4.8 1.7 123
1018 25 20 15 15 25 0 87 3040 4.1 1.4 94
1019 20 30 0 15 30 5 91 3040 4.6 1.6 127
1020 25 20 15 20 20 0 85 3040 3.9 1.4 97
1021 20 30 0 20 25 5 92 3041 4.5 1.6 131
1022 25 20 15 25 15 0 84 3041 3.7 1.4 100
1023 25 20 15 30 10 0 83 3041 3.5 1.4 103
1024 25 20 15 35 5 0 82 3042 3.3 1.3 106
1025 30 25 0 30 15 0 94 3042 3.1 1.3 87
1026 25 20 15 40 0 0 81 3042 3.2 1.3 109
1027 30 25 0 35 10 0 94 3042 2.9 1.3 89
1028 30 25 0 40 5 0 94 3043 2.7 1.3 92
1029 30 25 0 45 0 0 93 3043 2.5 1.2 95
1030 25 10 25 0 5 35 80 3044 8.0 1.3 265
1031 20 20 10 0 10 40 88 3044 8.5 1.5 280
1032 20 20 10 5 5 40 89 3044 8.3 1.5 287
1033 20 20 10 10 0 40 90 3045 8.1 1.5 295
1034 30 10 25 0 20 15 81 3051 5.9 1.2 157
1035 25 20 10 0 25 20 91 3052 6.4 1.5 180
1036 25 20 10 5 20 20 91 3052 6.2 1.4 185
1037 25 20 10 10 15 20 91 3052 6.0 1.4 190
1038 25 20 10 15 10 20 91 3052 5.8 1.4 195
1039 25 20 10 20 5 20 90 3052 5.7 1.4 201
1040 25 20 10 25 0 20 89 3053 5.5 1.4 206
1041 25 15 25 0 35 0 81 3055 4.8 1.4 89
1042 30 20 10 40 0 0 85 3059 2.8 1.2 96
1043 30 20 10 35 5 0 87 3059 3.0 1.2 93
1044 30 20 10 30 10 0 88 3059 3.2 1.3 90
1045 30 20 10 25 15 0 89 3059 3.4 1.3 88
1046 30 20 10 20 20 0 90 3059 3.6 1.3 85
1047 30 20 10 15 25 0 91 3060 3.8 1.3 82
1048 30 20 10 10 30 0 92 3060 3.9 1.3 80
1049 25 15 20 20 0 20 81 3069 5.8 1.3 213
1050 25 15 20 15 5 20 82 3069 6.0 1.3 208
1051 25 20 5 10 0 40 89 3069 7.8 1.4 260
1052 25 15 20 10 10 20 83 3069 6.2 1.4 202
125
1053 25 15 20 5 15 20 84 3069 6.3 1.4 197
1054 25 15 20 0 20 20 85 3070 6.5 1.4 192
1055 20 25 5 15 10 25 92 3071 6.5 1.6 231
1056 20 25 5 10 15 25 91 3071 6.7 1.6 225
1057 20 25 5 5 20 25 89 3071 6.9 1.6 219
1058 20 25 5 0 25 25 87 3072 7.1 1.6 213
1059 30 15 20 20 15 0 81 3075 3.7 1.2 88
1060 25 25 5 40 0 5 90 3075 3.5 1.4 135
1061 30 15 20 15 20 0 82 3075 3.9 1.3 85
1062 25 25 5 35 5 5 91 3076 3.7 1.4 131
1063 30 15 20 10 25 0 83 3076 4.1 1.3 83
1064 25 25 5 30 10 5 92 3076 3.9 1.4 128
1065 30 15 20 5 30 0 84 3076 4.2 1.3 80
1066 25 25 5 25 15 5 93 3077 4.0 1.4 124
1067 30 15 20 0 35 0 85 3077 4.4 1.3 78
1068 25 25 5 20 20 5 93 3077 4.2 1.5 121
1069 25 25 5 15 25 5 93 3078 4.4 1.5 117
1070 25 25 5 10 30 5 92 3078 4.6 1.5 114
1071 25 25 5 5 35 5 91 3079 4.8 1.5 110
1072 25 25 5 0 40 5 89 3079 5.0 1.6 107
1073 25 15 15 5 0 40 88 3088 8.1 1.4 273
1074 25 20 15 35 0 5 82 3089 3.8 1.3 137
1075 25 15 15 0 5 40 88 3089 8.3 1.4 266
1076 25 20 15 30 5 5 83 3089 4.0 1.4 133
1077 25 20 15 25 10 5 84 3090 4.2 1.4 130
1078 20 25 0 10 0 45 85 3091 8.4 1.6 292
1079 25 20 15 20 15 5 85 3091 4.3 1.4 126
1080 20 25 0 5 5 45 83 3092 8.6 1.6 283
1081 25 20 15 15 20 5 86 3092 4.5 1.4 123
1082 25 20 15 10 25 5 87 3093 4.7 1.5 119
1083 20 25 0 0 10 45 80 3093 8.8 1.6 275
1084 30 15 15 20 0 20 86 3093 5.4 1.2 189
1085 25 20 15 5 30 5 88 3093 4.9 1.5 116
1086 30 15 15 15 5 20 87 3094 5.6 1.2 184
1087 25 20 15 0 35 5 89 3094 5.1 1.5 113
1088 30 15 15 10 10 20 88 3095 5.8 1.3 179
1089 25 25 0 25 0 25 92 3095 5.8 1.4 216
1090 20 30 0 10 30 10 89 3096 5.3 1.7 149
1091 25 25 0 20 5 25 91 3097 6.0 1.4 210
1092 20 30 0 5 35 10 87 3097 5.5 1.7 145
1093 20 30 0 0 40 10 86 3098 5.6 1.7 141
1094 25 25 0 15 10 25 89 3098 6.2 1.5 204
1095 25 25 0 10 15 25 87 3099 6.4 1.5 198
1096 30 25 0 40 0 5 94 3100 3.1 1.3 119
1097 25 25 0 5 20 25 85 3100 6.5 1.5 192
1098 30 25 0 35 5 5 94 3101 3.3 1.3 115
1099 25 25 0 0 25 25 82 3102 6.7 1.5 186
1100 30 25 0 30 10 5 94 3102 3.5 1.3 112
1101 25 15 25 0 30 5 81 3107 5.2 1.4 118
1102 20 20 10 5 0 45 88 3107 8.8 1.5 307
1103 20 20 10 0 5 45 88 3109 8.9 1.5 298
126
1104 25 20 10 20 0 25 90 3111 6.1 1.4 224
1105 25 20 10 15 5 25 91 3112 6.3 1.4 219
1106 30 10 25 0 15 20 80 3112 6.3 1.3 181
1107 30 20 10 35 0 5 86 3114 3.4 1.2 121
1108 25 20 10 10 10 25 91 3114 6.5 1.4 213
1109 30 20 10 30 5 5 88 3115 3.6 1.3 118
1110 25 20 10 5 15 25 91 3115 6.7 1.5 207
1111 30 20 10 25 10 5 89 3116 3.8 1.3 114
1112 25 20 10 0 20 25 90 3117 6.8 1.5 201
1113 30 20 10 20 15 5 90 3118 4.0 1.3 111
1114 30 20 10 15 20 5 91 3120 4.2 1.3 108
1115 30 20 10 10 25 5 92 3121 4.4 1.4 105
1116 30 20 10 5 30 5 92 3123 4.6 1.4 101
1117 25 15 20 15 0 25 82 3124 6.4 1.4 233
1118 25 15 20 10 5 25 83 3126 6.6 1.4 227
1119 25 15 20 5 10 25 84 3128 6.8 1.4 221
1120 25 25 5 35 0 10 91 3129 4.1 1.4 159
1121 30 15 20 20 10 5 81 3129 4.1 1.3 116
1122 25 15 20 0 15 25 85 3130 7.0 1.4 215
1123 25 25 5 30 5 10 92 3131 4.3 1.4 155
1124 30 15 20 15 15 5 82 3131 4.3 1.3 113
1125 20 25 5 10 10 30 90 3131 7.1 1.6 247
1126 25 25 5 25 10 10 92 3132 4.5 1.5 151
1127 30 15 20 10 20 5 83 3133 4.5 1.3 110
1128 20 25 5 5 15 30 88 3133 7.3 1.6 240
1129 25 25 5 20 15 10 93 3134 4.7 1.5 147
1130 30 15 20 5 25 5 84 3135 4.7 1.3 107
1131 20 25 5 0 20 30 87 3135 7.5 1.6 234
1132 25 25 5 15 20 10 93 3136 4.9 1.5 143
1133 30 15 20 0 30 5 85 3137 4.9 1.3 103
1134 25 25 5 10 25 10 92 3139 5.0 1.5 139
1135 25 25 5 5 30 10 90 3141 5.2 1.5 135
1136 25 20 15 25 5 10 84 3142 4.6 1.4 158
1137 25 25 5 0 35 10 89 3143 5.4 1.6 131
1138 25 20 15 20 10 10 85 3144 4.8 1.4 154
1139 25 20 5 5 0 45 87 3146 8.4 1.4 269
1140 25 20 15 15 15 10 86 3146 5.0 1.4 150
1141 25 20 15 10 20 10 87 3148 5.2 1.5 146
1142 25 20 15 5 25 10 88 3151 5.3 1.5 142
1143 25 20 15 0 30 10 89 3153 5.5 1.5 138
1144 20 30 0 5 30 15 87 3157 5.9 1.7 169
1145 30 15 15 15 0 25 87 3159 6.1 1.2 206
1146 20 30 0 0 35 15 85 3160 6.1 1.7 164
1147 25 15 15 0 0 45 87 3160 8.7 1.4 284
1148 25 15 25 0 25 10 80 3161 5.6 1.5 146
1149 30 15 15 10 5 25 88 3162 6.2 1.3 201
1150 30 25 0 35 0 10 94 3163 3.8 1.3 140
1151 25 25 0 20 0 30 90 3164 6.4 1.4 230
1152 20 25 0 5 0 50 82 3166 9.1 1.6 299
1153 30 25 0 30 5 10 94 3166 3.9 1.3 136
1154 25 25 0 15 5 30 88 3167 6.6 1.5 224
127
1155 30 25 0 25 10 10 93 3169 4.1 1.4 133
1156 25 25 0 10 10 30 86 3171 6.8 1.5 217
1157 30 20 10 30 0 10 87 3174 4.1 1.3 144
1158 25 25 0 5 15 30 84 3175 7.0 1.5 211
1159 25 20 10 15 0 30 90 3176 6.7 1.4 241
1160 30 20 10 25 5 10 89 3177 4.3 1.3 140
1161 20 20 10 0 0 50 87 3178 9.4 1.6 316
1162 25 25 0 0 20 30 81 3179 7.2 1.5 205
1163 25 20 10 10 5 30 90 3179 6.9 1.4 234
1164 30 20 10 20 10 10 90 3180 4.4 1.3 136
1165 25 20 10 5 10 30 90 3183 7.1 1.5 228
1166 30 20 10 15 15 10 91 3183 4.6 1.3 133
1167 25 15 20 10 0 30 82 3186 7.0 1.4 251
1168 30 15 20 20 5 10 80 3186 4.6 1.3 144
1169 25 20 10 0 15 30 89 3187 7.3 1.5 221
1170 30 20 10 10 20 10 92 3187 4.8 1.4 129
1171 25 25 5 30 0 15 91 3188 4.7 1.4 181
1172 25 15 20 5 5 30 83 3190 7.2 1.4 244
1173 30 15 20 15 10 10 81 3190 4.7 1.3 140
1174 30 20 10 5 25 10 92 3191 5.0 1.4 125
1175 25 25 5 25 5 15 92 3191 4.9 1.5 176
1176 30 15 20 10 15 10 83 3193 4.9 1.3 136
1177 25 15 20 0 10 30 84 3193 7.4 1.4 238
1178 30 20 10 0 30 10 91 3195 5.2 1.4 121
1179 25 25 5 20 10 15 93 3195 5.1 1.5 172
1180 30 15 20 5 20 10 84 3197 5.1 1.3 132
1181 25 25 5 15 15 15 92 3199 5.3 1.5 167
1182 20 25 5 5 10 35 88 3199 7.8 1.6 261
1183 25 20 15 20 5 15 85 3200 5.2 1.4 182
1184 30 15 20 0 25 10 85 3201 5.3 1.4 128
1185 25 30 0 40 5 0 92 3201 2.9 1.5 102
1186 25 25 5 10 20 15 91 3203 5.5 1.5 162
1187 20 25 5 0 15 35 86 3203 7.9 1.6 254
1188 25 20 15 15 10 15 86 3204 5.4 1.5 177
1189 25 30 0 35 10 0 93 3205 3.1 1.5 99
1190 25 25 5 5 25 15 90 3207 5.7 1.6 158
1191 25 20 15 10 15 15 87 3207 5.6 1.5 172
1192 25 30 0 30 15 0 94 3208 3.3 1.5 96
1193 25 20 15 5 20 15 88 3211 5.8 1.5 168
1194 25 25 5 0 30 15 88 3211 5.9 1.6 153
1195 25 30 0 25 20 0 94 3212 3.5 1.6 93
1196 25 20 15 0 25 15 88 3215 6.0 1.5 163
1197 25 30 0 20 25 0 93 3216 3.7 1.6 90
1198 25 30 0 15 30 0 91 3220 3.9 1.6 88
1199 25 25 10 15 25 0 90 3223 4.0 1.5 91
1200 25 30 0 10 35 0 90 3225 4.0 1.6 85
1201 25 25 10 10 30 0 90 3227 4.2 1.6 88
1202 25 30 0 5 40 0 88 3229 4.2 1.6 82
1203 25 25 10 5 35 0 91 3232 4.3 1.6 86
1204 30 25 0 30 0 15 94 3234 4.4 1.3 160
1205 30 15 15 10 0 30 87 3234 6.7 1.3 222
128
1206 25 30 0 0 45 0 86 3234 4.4 1.7 80
1207 25 20 5 0 0 50 84 3234 9.0 1.5 276
1208 25 25 10 0 40 0 91 3236 4.5 1.6 83
1209 30 25 0 25 5 15 93 3239 4.6 1.4 155
1210 30 15 15 5 5 30 88 3240 6.9 1.3 215
1211 30 20 10 25 0 15 88 3241 4.7 1.3 165
1212 25 25 0 15 0 35 88 3242 7.0 1.5 243
1213 30 25 0 20 10 15 91 3245 4.8 1.4 151
1214 30 20 10 20 5 15 89 3246 4.9 1.3 161
1215 30 25 5 40 0 0 89 3246 2.7 1.3 92
1216 25 25 0 10 5 35 86 3248 7.2 1.5 236
1217 25 20 10 10 0 35 89 3249 7.3 1.4 255
1218 30 25 5 35 5 0 90 3251 2.9 1.4 90
1219 30 20 15 35 0 0 81 3251 3.0 1.3 93
1220 30 20 10 15 10 15 91 3251 5.1 1.3 156
1221 30 15 20 15 5 15 81 3252 5.2 1.3 166
1222 25 25 5 25 0 20 92 3254 5.4 1.5 201
1223 25 25 0 5 10 35 83 3255 7.4 1.5 229
1224 25 20 10 5 5 35 89 3255 7.5 1.5 248
1225 25 15 20 5 0 35 83 3255 7.6 1.4 266
1226 30 25 5 30 10 0 91 3256 3.1 1.4 87
1227 30 20 15 30 5 0 82 3256 3.2 1.3 90
1228 30 15 20 10 10 15 82 3257 5.4 1.3 161
1229 30 20 10 10 15 15 91 3257 5.3 1.4 152
1230 25 25 5 20 5 20 92 3259 5.5 1.5 196
1231 30 20 15 25 10 0 83 3261 3.4 1.3 87
1232 25 15 20 0 5 35 84 3261 7.8 1.4 259
1233 30 25 5 25 15 0 92 3261 3.3 1.4 84
1234 25 20 10 0 10 35 88 3261 7.7 1.5 241
1235 25 25 0 0 15 35 81 3262 7.6 1.5 222
1236 30 15 20 5 15 15 83 3263 5.6 1.3 157
1237 30 20 10 5 20 15 91 3263 5.4 1.4 148
1238 25 25 5 15 10 20 92 3265 5.7 1.5 191
1239 30 20 15 20 15 0 84 3266 3.6 1.4 85
1240 30 25 5 20 20 0 93 3267 3.4 1.4 82
1241 25 30 0 30 10 5 94 3268 3.7 1.5 124
1242 30 15 20 0 20 15 84 3268 5.7 1.4 153
1243 25 20 15 10 10 20 86 3269 6.0 1.5 197
1244 30 20 10 0 25 15 91 3270 5.6 1.4 143
1245 25 25 5 10 15 20 91 3271 5.9 1.5 185
1246 30 20 15 15 20 0 86 3271 3.7 1.4 82
1247 30 25 5 15 25 0 93 3272 3.6 1.4 79
1248 25 30 0 25 15 5 93 3273 3.9 1.6 120
1249 25 20 15 5 15 20 87 3275 6.2 1.5 192
1250 30 20 15 10 25 0 87 3277 3.9 1.4 79
1251 25 25 5 5 20 20 89 3277 6.1 1.6 180
1252 30 25 5 10 30 0 92 3279 3.8 1.5 77
1253 25 30 0 20 20 5 92 3279 4.1 1.6 117
1254 25 20 15 0 20 20 87 3281 6.4 1.5 187
1255 30 20 15 5 30 0 88 3282 4.1 1.4 77
1256 25 25 5 0 25 20 88 3284 6.3 1.6 175
129
1257 25 30 0 15 25 5 91 3285 4.3 1.6 114
1258 30 25 5 5 35 0 91 3285 4.0 1.5 74
1259 30 20 15 0 35 0 89 3289 4.3 1.5 74
1260 25 30 0 10 30 5 89 3291 4.5 1.6 110
1261 30 25 5 0 40 0 89 3292 4.2 1.5 72
1262 25 25 10 5 30 5 90 3294 4.8 1.6 112
1263 25 30 0 5 35 5 87 3298 4.7 1.7 107
1264 25 25 10 0 35 5 90 3300 5.0 1.6 109
1265 35 20 10 35 0 0 86 3302 2.7 1.2 81
1266 25 30 0 0 40 5 86 3305 4.9 1.7 104
1267 35 20 10 30 5 0 87 3309 2.8 1.2 78
1268 30 25 5 35 0 5 90 3313 3.3 1.4 117
1269 30 25 0 25 0 20 92 3314 5.0 1.4 178
1270 30 20 15 30 0 5 82 3315 3.6 1.3 119
1271 30 20 10 20 0 20 89 3316 5.3 1.3 184
1272 35 20 10 25 10 0 88 3316 3.0 1.2 76
1273 30 15 20 15 0 20 81 3317 5.6 1.3 191
1274 30 15 15 5 0 35 87 3319 7.3 1.3 235
1275 30 25 5 30 5 5 91 3320 3.5 1.4 114
1276 30 20 15 25 5 5 83 3321 3.8 1.4 116
1277 30 25 0 20 5 20 91 3322 5.2 1.4 172
1278 30 20 10 15 5 20 90 3324 5.5 1.4 179
1279 35 20 10 20 15 0 89 3324 3.2 1.3 73
1280 30 15 20 10 5 20 82 3325 5.8 1.3 186
1281 35 15 20 15 15 0 81 3325 3.5 1.2 73
1282 25 25 5 20 0 25 92 3327 6.0 1.5 219
1283 30 25 5 25 10 5 92 3327 3.7 1.4 111
1284 30 20 15 20 10 5 84 3328 4.0 1.4 113
1285 30 15 15 0 5 35 87 3328 7.5 1.3 228
1286 30 25 0 15 10 20 89 3331 5.4 1.4 167
1287 25 25 0 10 0 40 85 3331 7.7 1.5 254
1288 30 20 10 10 10 20 91 3332 5.7 1.4 174
1289 25 20 10 5 0 40 88 3332 8.0 1.5 267
1290 35 15 20 10 20 0 82 3332 3.7 1.3 71
1291 30 15 20 5 10 20 83 3332 6.0 1.3 181
1292 25 15 20 0 0 40 83 3332 8.3 1.4 280
1293 30 25 5 20 15 5 93 3335 3.9 1.4 107
1294 25 25 5 15 5 25 91 3335 6.2 1.5 213
1295 30 20 15 15 15 5 85 3335 4.2 1.4 109
1296 25 30 0 25 10 10 93 3337 4.4 1.6 147
1297 35 15 20 5 25 0 83 3340 3.9 1.3 69
1298 30 15 20 0 15 20 84 3340 6.2 1.4 176
1299 30 20 10 5 15 20 90 3341 5.9 1.4 169
1300 25 20 10 0 5 40 87 3341 8.2 1.5 260
1301 25 25 0 5 5 40 83 3341 7.9 1.5 246
1302 30 20 15 10 20 5 86 3343 4.4 1.4 106
1303 30 25 5 15 20 5 93 3343 4.1 1.5 104
1304 25 20 15 5 10 25 87 3343 6.7 1.5 216
1305 25 25 5 10 10 25 90 3343 6.4 1.5 208
1306 25 30 0 20 15 10 92 3345 4.5 1.6 143
1307 35 15 20 0 30 0 84 3348 4.1 1.3 66
130
1308 30 20 10 0 20 20 90 3350 6.1 1.4 164
1309 30 20 15 5 25 5 87 3350 4.6 1.4 103
1310 25 20 15 0 15 25 87 3351 6.8 1.5 210
1311 30 25 5 10 25 5 92 3351 4.3 1.5 101
1312 25 25 0 0 10 40 80 3352 8.0 1.6 238
1313 25 25 5 5 15 25 89 3352 6.5 1.6 202
1314 25 30 0 15 20 10 90 3353 4.7 1.6 139
1315 30 20 15 0 30 5 88 3359 4.7 1.5 100
1316 30 25 5 5 30 5 90 3360 4.4 1.5 98
1317 25 25 5 0 20 25 87 3361 6.7 1.6 196
1318 25 30 0 10 25 10 89 3362 4.9 1.6 135
1319 30 25 5 0 35 5 89 3370 4.6 1.5 95
1320 25 30 0 5 30 10 87 3371 5.1 1.7 131
1321 35 20 10 30 0 5 87 3379 3.3 1.2 105
1322 25 30 0 0 35 10 85 3380 5.3 1.7 127
1323 30 20 15 25 0 10 83 3385 4.2 1.4 143
1324 30 25 5 30 0 10 91 3388 3.9 1.4 140
1325 35 20 10 25 5 5 88 3389 3.5 1.2 101
1326 30 20 15 20 5 10 84 3394 4.4 1.4 140
1327 35 15 20 15 10 5 81 3394 4.0 1.2 100
1328 30 15 20 10 0 25 81 3396 6.2 1.3 210
1329 30 25 5 25 5 10 92 3397 4.1 1.4 136
1330 35 20 10 20 10 5 89 3399 3.7 1.3 98
1331 30 20 10 15 0 25 90 3401 5.9 1.4 201
1332 30 20 15 15 10 10 85 3403 4.6 1.4 136
1333 35 15 20 10 15 5 82 3404 4.2 1.3 97
1334 30 25 0 20 0 25 90 3406 5.6 1.4 193
1335 30 15 20 5 5 25 82 3406 6.4 1.4 204
1336 30 25 5 20 10 10 92 3407 4.3 1.4 132
1337 35 20 10 15 15 5 90 3409 3.8 1.3 95
1338 25 25 5 15 0 30 90 3409 6.6 1.5 235
1339 30 20 10 10 5 25 90 3411 6.1 1.4 196
1340 30 20 15 10 15 10 86 3412 4.8 1.4 132
1341 35 15 20 5 20 5 83 3415 4.3 1.3 94
1342 30 15 15 0 0 40 86 3417 7.9 1.3 246
1343 30 15 20 0 10 25 83 3417 6.6 1.4 198
1344 30 25 0 15 5 25 88 3418 5.8 1.4 187
1345 30 25 5 15 15 10 92 3418 4.5 1.5 129
1346 25 25 5 10 5 30 89 3420 6.8 1.6 229
1347 30 20 15 5 20 10 87 3422 5.0 1.5 128
1348 30 20 10 5 10 25 90 3423 6.3 1.4 190
1349 35 15 20 0 25 5 84 3425 4.5 1.3 91
1350 25 30 0 15 15 15 90 3425 5.2 1.6 163
1351 25 20 10 0 0 45 87 3426 8.6 1.5 277
1352 30 25 5 10 20 10 91 3429 4.7 1.5 125
1353 30 25 0 10 10 25 86 3431 6.0 1.4 182
1354 25 25 5 5 10 30 88 3432 7.0 1.6 222
1355 30 20 15 0 25 10 88 3433 5.2 1.5 125
1356 25 25 0 5 0 45 82 3434 8.3 1.5 262
1357 30 20 10 0 15 25 89 3436 6.5 1.4 185
1358 25 30 0 10 20 15 88 3436 5.4 1.6 158
131
1359 30 25 5 5 25 10 90 3440 4.9 1.5 121
1360 25 25 5 0 15 30 86 3444 7.2 1.6 216
1361 25 30 0 5 25 15 86 3448 5.5 1.7 154
1362 30 30 0 40 0 0 91 3452 2.6 1.4 89
1363 30 25 5 0 30 10 88 3453 5.1 1.5 117
1364 25 30 0 0 30 15 84 3460 5.7 1.7 149
1365 30 30 0 35 5 0 92 3463 2.8 1.5 86
1366 30 20 15 20 0 15 83 3463 4.9 1.4 166
1367 35 20 10 25 0 10 88 3465 3.9 1.3 126
1368 35 15 20 15 5 10 80 3468 4.4 1.2 126
1369 30 25 5 25 0 15 91 3472 4.6 1.4 161
1370 30 30 0 30 10 0 93 3474 3.0 1.5 84
1371 30 20 15 15 5 15 84 3474 5.1 1.4 161
1372 30 25 10 20 15 0 87 3476 3.4 1.5 81
1373 35 20 10 20 5 10 89 3478 4.1 1.3 123
1374 35 15 20 10 10 10 81 3481 4.6 1.3 122
1375 30 25 5 20 5 15 92 3484 4.8 1.4 157
1376 30 15 20 5 0 30 82 3485 6.9 1.4 226
1377 30 30 0 25 15 0 93 3485 3.1 1.5 81
1378 30 20 15 10 10 15 85 3486 5.2 1.4 157
1379 30 25 10 15 20 0 88 3487 3.6 1.5 79
1380 35 20 10 15 10 10 90 3492 4.3 1.3 119
1381 35 15 20 5 15 10 82 3494 4.8 1.3 119
1382 30 20 10 10 0 30 89 3497 6.6 1.4 216
1383 30 25 5 15 10 15 92 3497 4.9 1.5 152
1384 30 30 0 20 20 0 92 3498 3.3 1.5 78
1385 30 15 20 0 5 30 83 3498 7.1 1.4 220
1386 30 20 15 5 15 15 86 3499 5.4 1.5 153
1387 30 25 10 10 25 0 89 3499 3.8 1.5 76
1388 25 25 5 10 0 35 89 3502 7.2 1.6 249
1389 35 20 10 10 15 10 91 3506 4.5 1.3 116
1390 35 15 20 0 20 10 84 3507 5.0 1.3 115
1391 30 25 0 15 0 30 88 3510 6.3 1.4 206
1392 30 30 0 15 25 0 91 3511 3.5 1.6 76
1393 30 25 5 10 15 15 91 3511 5.1 1.5 148
1394 30 20 10 5 5 30 89 3512 6.8 1.4 210
1395 30 25 10 5 30 0 90 3512 4.0 1.6 74
1396 30 20 15 0 20 15 87 3512 5.6 1.5 148
1397 25 25 5 5 5 35 87 3517 7.4 1.6 242
1398 35 20 15 30 0 0 81 3518 2.8 1.3 77
1399 30 30 0 10 30 0 89 3525 3.7 1.6 73
1400 30 25 10 0 35 0 90 3525 4.2 1.6 71
1401 30 25 5 5 20 15 89 3526 5.3 1.5 143
1402 30 25 0 10 5 30 85 3527 6.4 1.5 200
1403 30 20 10 0 10 30 88 3528 6.9 1.4 204
1404 25 30 0 5 20 20 86 3530 6.0 1.7 176
1405 35 25 5 35 0 0 89 3531 2.5 1.3 77
1406 35 20 15 25 5 0 82 3531 3.0 1.3 75
1407 25 25 5 0 10 35 86 3532 7.6 1.6 235
1408 30 30 0 35 0 5 92 3534 3.2 1.5 114
1409 30 30 0 5 35 0 88 3539 3.9 1.6 71
132
1410 30 25 5 0 25 15 88 3542 5.5 1.5 139
1411 35 20 15 20 10 0 83 3544 3.2 1.3 73
1412 35 25 5 30 5 0 90 3544 2.7 1.3 75
1413 30 25 0 5 10 30 83 3546 6.6 1.5 194
1414 25 30 0 0 25 20 84 3546 6.2 1.7 171
1415 30 30 0 30 5 5 93 3547 3.4 1.5 110
1416 30 20 15 15 0 20 84 3550 5.5 1.4 186
1417 30 30 0 0 40 0 86 3555 4.1 1.6 69
1418 35 20 15 15 15 0 84 3558 3.4 1.3 70
1419 35 25 5 25 10 0 91 3559 2.9 1.4 73
1420 30 25 10 15 15 5 88 3561 4.1 1.5 106
1421 30 30 0 25 10 5 93 3562 3.6 1.5 107
1422 35 15 20 10 5 15 81 3562 5.0 1.3 147
1423 35 20 10 20 0 15 88 3563 4.5 1.3 146
1424 30 20 15 10 5 20 85 3564 5.7 1.4 181
1425 30 25 5 20 0 20 91 3566 5.2 1.5 180
1426 35 20 15 10 20 0 85 3573 3.6 1.4 68
1427 35 25 5 20 15 0 92 3575 3.1 1.4 70
1428 30 25 10 10 20 5 89 3575 4.3 1.5 103
1429 30 30 0 20 15 5 92 3577 3.8 1.5 104
1430 35 15 20 5 10 15 82 3578 5.2 1.3 143
1431 30 20 15 5 10 20 86 3580 5.9 1.5 176
1432 35 20 10 15 5 15 89 3580 4.7 1.3 142
1433 30 25 5 15 5 20 91 3582 5.4 1.5 175
1434 30 15 20 0 0 35 82 3585 7.5 1.4 241
1435 35 20 15 5 25 0 86 3589 3.8 1.4 66
1436 30 25 10 5 25 5 89 3590 4.4 1.6 100
1437 35 25 5 15 20 0 93 3591 3.3 1.4 68
1438 30 30 0 15 20 5 90 3592 4.0 1.6 101
1439 35 15 20 0 15 15 83 3595 5.4 1.3 138
1440 30 20 15 0 15 20 86 3596 6.1 1.5 171
1441 35 20 10 10 10 15 90 3598 4.9 1.3 138
1442 30 25 5 10 10 20 90 3599 5.6 1.5 170
1443 35 20 15 0 30 0 87 3606 4.0 1.4 63
1444 35 20 15 25 0 5 82 3606 3.5 1.3 103
1445 30 25 10 0 30 5 89 3606 4.6 1.6 97
1446 30 20 10 5 0 35 88 3606 7.2 1.4 229
1447 25 25 5 5 0 40 87 3607 7.9 1.6 261
1448 35 25 5 10 25 0 92 3609 3.5 1.4 65
1449 30 30 0 10 25 5 89 3609 4.1 1.6 98
1450 35 20 10 5 15 15 90 3617 5.1 1.4 134
1451 30 25 5 5 15 20 89 3617 5.8 1.5 165
1452 35 20 15 20 5 5 83 3622 3.7 1.3 100
1453 30 30 0 30 0 10 92 3625 3.8 1.5 136
1454 35 25 5 30 0 5 90 3626 3.2 1.3 101
1455 40 20 10 30 0 0 86 3626 2.5 1.2 67
1456 25 25 5 0 5 40 85 3627 8.0 1.6 253
1457 30 20 10 0 5 35 87 3627 7.4 1.5 223
1458 30 30 0 5 30 5 87 3627 4.3 1.6 95
1459 35 25 5 5 30 0 91 3628 3.7 1.4 63
1460 30 25 0 10 0 35 85 3632 6.9 1.5 218
133
1461 30 25 5 0 20 20 87 3637 5.9 1.5 160
1462 35 20 15 15 10 5 84 3639 3.8 1.4 97
1463 30 30 0 25 5 10 92 3642 4.0 1.5 132
1464 35 25 5 25 5 5 91 3643 3.4 1.4 98
1465 40 20 10 25 5 0 87 3644 2.7 1.2 64
1466 30 30 0 0 35 5 85 3647 4.5 1.6 92
1467 30 20 15 10 0 25 84 3647 6.1 1.5 205
1468 35 25 5 0 35 0 89 3648 3.9 1.5 61
1469 35 15 20 10 0 20 80 3648 5.5 1.3 170
1470 30 25 0 5 5 35 83 3655 7.1 1.5 211
1471 35 20 15 10 15 5 85 3656 4.0 1.4 94
1472 40 15 20 10 15 0 81 3658 3.4 1.2 60
1473 30 30 0 20 10 10 91 3660 4.2 1.6 129
1474 35 25 5 20 10 5 92 3662 3.5 1.4 95
1475 30 20 15 5 5 25 85 3666 6.3 1.5 199
1476 35 15 20 5 5 20 81 3668 5.6 1.3 165
1477 30 25 5 15 0 25 90 3672 5.8 1.5 196
1478 30 25 10 5 20 10 89 3673 4.9 1.6 125
1479 35 20 10 15 0 20 89 3674 5.2 1.3 164
1480 35 20 15 5 20 5 86 3675 4.2 1.4 91
1481 40 15 20 5 20 0 82 3678 3.6 1.2 58
1482 30 30 0 15 15 10 90 3679 4.4 1.6 125
1483 35 25 5 15 15 5 92 3682 3.7 1.4 92
1484 30 20 15 0 10 25 85 3685 6.5 1.5 193
1485 35 15 20 0 10 20 82 3688 5.8 1.3 161
1486 30 25 10 0 25 10 88 3692 5.1 1.6 121
1487 30 25 5 10 5 25 89 3693 6.0 1.5 191
1488 35 20 15 0 25 5 87 3695 4.4 1.4 88
1489 35 20 10 10 5 20 89 3696 5.3 1.3 159
1490 40 15 20 0 25 0 83 3699 3.7 1.3 56
1491 30 30 0 10 20 10 88 3700 4.6 1.6 121
1492 35 25 5 10 20 5 91 3703 3.9 1.4 89
1493 35 20 15 20 0 10 82 3704 4.1 1.3 126
1494 30 25 5 5 10 25 88 3715 6.2 1.5 185
1495 35 20 10 5 10 20 89 3720 5.5 1.4 154
1496 30 30 0 5 25 10 87 3721 4.8 1.6 117
1497 35 20 15 15 5 10 83 3724 4.3 1.4 122
1498 35 25 5 5 25 5 90 3726 4.1 1.5 86
1499 35 25 5 25 0 10 90 3732 3.8 1.4 123
1500 30 20 10 0 0 40 86 3733 7.8 1.5 240
1501 40 20 10 25 0 5 87 3737 3.1 1.2 89
1502 30 25 5 0 15 25 86 3739 6.4 1.6 180
1503 30 30 0 0 30 10 85 3744 5.0 1.6 114
1504 35 20 15 10 10 10 84 3745 4.5 1.4 119
1505 35 20 10 0 15 20 89 3745 5.7 1.4 150
1506 30 30 0 20 5 15 91 3749 4.6 1.6 152
1507 40 15 20 10 10 5 80 3750 3.8 1.2 85
1508 35 25 5 0 30 5 88 3751 4.3 1.5 83
1509 35 25 5 20 5 10 91 3755 4.0 1.4 119
1510 40 20 10 20 5 5 88 3761 3.3 1.2 86
1511 35 15 20 5 0 25 81 3763 6.1 1.3 187
134
1512 35 20 15 5 15 10 85 3767 4.7 1.4 115
1513 30 30 0 15 10 15 90 3771 4.8 1.6 148
1514 35 25 10 25 5 0 85 3773 2.9 1.4 72
1515 30 25 0 5 0 40 82 3773 7.5 1.5 227
1516 40 15 20 5 15 5 81 3774 4.0 1.2 82
1517 35 25 5 15 10 10 91 3778 4.2 1.4 115
1518 30 20 15 0 5 30 85 3780 6.9 1.5 215
1519 35 30 0 35 0 0 91 3783 2.4 1.4 74
1520 35 15 20 0 5 25 82 3788 6.3 1.3 182
1521 35 20 15 0 20 10 86 3791 4.8 1.4 112
1522 30 25 5 10 0 30 89 3792 6.4 1.5 211
1523 35 25 10 20 10 0 86 3794 3.1 1.4 70
1524 30 30 0 10 15 15 88 3796 5.0 1.6 144
1525 40 15 20 0 20 5 83 3799 4.2 1.3 80
1526 35 20 10 10 0 25 89 3801 5.8 1.4 180
1527 35 25 5 10 15 10 91 3804 4.4 1.4 112
1528 35 30 0 30 5 0 92 3805 2.6 1.5 72
1529 35 20 15 15 0 15 83 3814 4.7 1.4 147
1530 35 25 10 15 15 0 87 3816 3.3 1.5 67
1531 30 25 5 5 5 30 87 3819 6.6 1.5 205
1532 30 30 0 5 20 15 86 3821 5.2 1.6 139
1533 35 20 20 0 25 0 81 3827 4.0 1.5 62
1534 35 30 0 25 10 0 92 3829 2.8 1.5 70
1535 35 20 10 5 5 25 88 3830 6.0 1.4 174
1536 35 25 5 5 20 10 89 3831 4.5 1.5 108
1537 35 20 15 10 5 15 84 3839 4.9 1.4 143
1538 35 25 10 10 20 0 88 3840 3.5 1.5 65
1539 35 25 0 15 0 25 88 3847 5.5 1.4 171
1540 30 25 5 0 10 30 86 3848 6.8 1.6 199
1541 30 30 0 0 25 15 84 3849 5.4 1.7 135
1542 35 25 5 20 0 15 91 3853 4.4 1.4 142
1543 35 30 0 20 15 0 92 3854 3.0 1.5 67
1544 35 20 10 0 10 25 88 3860 6.2 1.4 169
1545 35 25 5 0 25 10 88 3861 4.7 1.5 105
1546 40 20 10 20 0 10 87 3865 3.8 1.2 110
1547 35 20 15 5 10 15 85 3865 5.1 1.4 139
1548 35 25 10 5 25 0 89 3865 3.7 1.5 63
1549 40 20 15 25 0 0 80 3868 2.7 1.3 64
1550 40 15 20 5 10 10 81 3877 4.4 1.3 106
1551 35 30 0 15 20 0 91 3881 3.2 1.5 65
1552 35 25 5 15 5 15 91 3881 4.6 1.4 138
1553 35 25 10 0 30 0 89 3892 3.8 1.5 61
1554 35 20 15 0 15 15 85 3893 5.3 1.4 134
1555 40 20 15 20 5 0 81 3894 2.9 1.3 61
1556 35 15 20 0 0 30 81 3894 6.7 1.4 203
1557 40 20 10 15 5 10 89 3895 3.9 1.3 106
1558 30 30 0 10 10 20 87 3898 5.4 1.6 165
1559 35 30 0 30 0 5 92 3898 3.0 1.5 98
1560 40 15 20 0 15 10 82 3907 4.6 1.3 103
1561 35 25 10 15 10 5 86 3908 3.7 1.5 93
1562 35 30 0 10 25 0 89 3910 3.4 1.5 63
135
1563 40 25 5 30 0 0 89 3911 2.4 1.3 64
1564 35 25 5 10 10 15 90 3912 4.8 1.5 134
1565 40 20 15 15 10 0 83 3921 3.1 1.3 59
1566 35 30 0 25 5 5 92 3925 3.2 1.5 95
1567 30 30 0 5 15 20 86 3928 5.6 1.6 160
1568 30 25 5 5 0 35 87 3931 7.1 1.5 224
1569 35 25 10 10 15 5 87 3935 3.9 1.5 90
1570 35 20 15 10 0 20 83 3938 5.3 1.4 166
1571 40 25 5 25 5 0 90 3940 2.6 1.3 62
1572 35 30 0 5 30 0 87 3941 3.5 1.6 60
1573 35 25 5 5 15 15 89 3944 5.0 1.5 130
1574 35 20 10 5 0 30 88 3948 6.4 1.4 193
1575 40 20 15 10 15 0 84 3950 3.2 1.3 57
1576 35 30 0 20 10 5 91 3955 3.4 1.5 92
1577 30 30 0 0 20 20 84 3960 5.8 1.7 156
1578 35 25 10 5 20 5 88 3965 4.1 1.5 88
1579 30 25 5 0 5 35 85 3965 7.3 1.6 217
1580 35 20 15 5 5 20 84 3969 5.5 1.4 161
1581 40 25 5 20 10 0 91 3971 2.8 1.3 59
1582 35 30 0 0 35 0 85 3974 3.7 1.6 58
1583 35 25 5 0 20 15 87 3979 5.2 1.5 126
1584 40 20 15 5 20 0 85 3981 3.4 1.4 55
1585 35 20 10 0 5 30 87 3985 6.6 1.4 187
1586 35 30 0 15 15 5 90 3986 3.6 1.5 89
1587 40 15 20 5 5 15 80 3986 4.9 1.3 129
1588 35 25 5 15 0 20 90 3991 5.0 1.4 160
1589 40 20 15 20 0 5 81 3992 3.3 1.3 87
1590 35 25 10 0 25 5 88 3996 4.3 1.5 85
1591 35 20 15 0 10 20 85 4001 5.7 1.5 156
1592 40 25 5 15 15 0 91 4005 2.9 1.4 57
1593 40 20 10 15 0 15 88 4011 4.4 1.3 128
1594 35 25 0 10 0 30 85 4013 6.1 1.4 183
1595 40 20 15 0 25 0 86 4015 3.6 1.4 53
1596 35 30 0 10 20 5 89 4019 3.8 1.6 86
1597 40 15 20 0 10 15 81 4021 5.1 1.3 125
1598 40 20 15 15 5 5 82 4023 3.5 1.3 85
1599 35 25 5 10 5 20 89 4027 5.2 1.5 155
1600 35 30 0 25 0 10 91 4028 3.7 1.5 119
1601 40 25 5 10 20 0 91 4041 3.1 1.4 55
1602 40 25 5 25 0 5 89 4048 3.0 1.3 86
1603 40 20 10 10 5 15 89 4049 4.6 1.3 124
1604 35 30 0 5 25 5 87 4055 4.0 1.6 83
1605 40 20 15 10 10 5 83 4057 3.7 1.3 82
1606 35 30 0 20 5 10 91 4062 3.9 1.5 115
1607 35 25 5 5 10 20 88 4065 5.4 1.5 150
1608 35 20 15 5 0 25 83 4079 6.0 1.4 183
1609 40 25 5 5 25 0 90 4080 3.3 1.4 53
1610 40 25 5 20 5 5 90 4084 3.2 1.4 83
1611 30 25 5 0 0 40 85 4090 7.7 1.6 234
1612 40 20 10 5 10 15 89 4091 4.8 1.3 120
1613 40 20 15 5 15 5 84 4093 3.9 1.4 79
136
1614 35 30 0 0 30 5 85 4094 4.2 1.6 80
1615 35 30 0 15 10 10 90 4098 4.0 1.5 112
1616 35 25 5 0 15 20 87 4106 5.6 1.5 145
1617 35 25 10 0 20 10 87 4106 4.7 1.6 108
1618 35 20 15 0 5 25 84 4117 6.2 1.5 177
1619 45 15 20 5 15 0 80 4118 3.2 1.2 48
1620 35 20 10 0 0 35 86 4118 7.0 1.4 205
1621 40 25 5 0 30 0 89 4122 3.5 1.4 51
1622 40 25 5 15 10 5 91 4123 3.4 1.4 81
1623 40 20 15 0 20 5 85 4131 4.1 1.4 77
1624 40 20 15 15 0 10 81 4132 3.9 1.3 109
1625 35 30 0 10 15 10 88 4136 4.2 1.6 108
1626 40 15 20 0 5 20 80 4144 5.5 1.3 146
1627 35 25 5 10 0 25 88 4149 5.7 1.5 175
1628 40 25 10 25 0 0 83 4156 2.6 1.4 61
1629 40 25 5 10 15 5 91 4165 3.6 1.4 78
1630 40 20 15 10 5 10 82 4170 4.1 1.4 106
1631 35 30 0 5 20 10 87 4178 4.4 1.6 105
1632 40 20 10 10 0 20 88 4180 5.0 1.3 145
1633 40 25 10 20 5 0 84 4192 2.8 1.4 58
1634 35 25 5 5 5 25 88 4194 5.9 1.5 170
1635 40 25 5 20 0 10 90 4205 3.6 1.4 106
1636 35 25 0 5 0 35 82 4210 6.7 1.4 193
1637 40 25 5 5 20 5 90 4211 3.8 1.4 75
1638 40 20 15 5 10 10 83 4212 4.3 1.4 103
1639 35 30 0 15 5 15 89 4217 4.5 1.5 134
1640 35 30 0 0 25 10 85 4223 4.6 1.6 101
1641 40 30 0 30 0 0 90 4225 2.3 1.4 61
1642 40 20 10 5 5 20 88 4229 5.2 1.3 140
1643 40 25 10 15 10 0 85 4231 2.9 1.4 56
1644 45 20 10 20 0 5 86 4238 3.0 1.2 75
1645 35 25 5 0 10 25 86 4242 6.0 1.5 164
1646 40 25 5 15 5 10 90 4250 3.8 1.4 103
1647 40 20 15 0 15 10 84 4256 4.5 1.4 99
1648 40 25 5 0 25 5 88 4260 3.9 1.4 73
1649 35 30 0 10 10 15 88 4261 4.7 1.6 130
1650 40 30 0 25 5 0 91 4267 2.4 1.4 59
1651 40 25 10 10 15 0 86 4272 3.1 1.5 54
1652 40 20 10 0 10 20 87 4282 5.4 1.3 136
1653 40 20 15 10 0 15 81 4291 4.6 1.4 129
1654 45 15 20 0 15 5 80 4293 3.8 1.2 69
1655 40 25 5 10 10 10 90 4298 4.0 1.4 100
1656 35 30 0 5 15 15 86 4309 4.9 1.6 126
1657 40 30 0 20 10 0 91 4312 2.6 1.5 57
1658 40 25 10 5 20 0 87 4317 3.3 1.5 52
1659 35 25 5 5 0 30 87 4332 6.3 1.5 188
1660 40 20 15 5 5 15 82 4338 4.7 1.4 125
1661 40 25 5 5 15 10 89 4351 4.2 1.4 96
1662 40 30 0 15 15 0 91 4360 2.8 1.5 55
1663 35 30 0 0 20 15 84 4361 5.0 1.6 122
1664 40 25 10 0 25 0 87 4364 3.5 1.5 50
137
1665 40 20 10 5 0 25 87 4378 5.6 1.3 159
1666 40 25 5 15 0 15 89 4385 4.3 1.4 124
1667 45 20 15 15 5 0 80 4386 2.7 1.3 49
1668 35 25 5 0 5 30 85 4388 6.5 1.5 182
1669 40 20 15 0 10 15 83 4389 4.9 1.4 121
1670 40 30 0 25 0 5 91 4391 2.9 1.4 83
1671 40 25 5 0 20 10 88 4408 4.4 1.5 93
1672 40 30 0 10 20 0 89 4412 3.0 1.5 53
1673 45 20 10 15 0 10 87 4432 3.6 1.2 94
1674 45 25 5 25 0 0 88 4434 2.2 1.3 51
1675 45 20 15 10 10 0 81 4437 2.9 1.3 47
1676 40 20 10 0 5 25 86 4440 5.8 1.4 154
1677 40 25 5 10 5 15 89 4441 4.4 1.4 121
1678 40 30 0 20 5 5 91 4442 3.1 1.5 80
1679 40 25 10 5 15 5 86 4444 3.8 1.5 76
1680 40 30 0 5 25 0 87 4469 3.2 1.5 51
1681 40 20 15 5 0 20 81 4473 5.2 1.4 146
1682 45 25 5 20 5 0 89 4490 2.4 1.3 49
1683 45 20 15 5 15 0 83 4492 3.1 1.3 45
1684 45 20 10 10 5 10 88 4494 3.8 1.2 91
1685 40 30 0 15 10 5 90 4497 3.3 1.5 78
1686 40 25 10 0 20 5 86 4499 3.9 1.5 74
1687 40 25 5 5 10 15 88 4502 4.6 1.4 117
1688 35 30 0 0 15 20 84 4509 5.5 1.6 141
1689 40 30 0 0 30 0 86 4530 3.4 1.6 49
1690 40 20 15 0 5 20 82 4531 5.4 1.4 142
1691 35 25 5 0 0 35 85 4545 6.9 1.5 200
1692 45 25 5 15 10 0 90 4550 2.6 1.3 47
1693 45 20 15 0 20 0 84 4551 3.3 1.3 43
1694 40 30 0 10 15 5 89 4556 3.4 1.5 75
1695 40 25 5 0 15 15 87 4568 4.8 1.5 113
1696 45 20 15 10 5 5 81 4575 3.3 1.3 71
1697 40 30 0 20 0 10 90 4580 3.5 1.5 103
1698 40 25 5 10 0 20 88 4594 4.9 1.4 141
1699 40 20 10 0 0 30 85 4610 6.3 1.4 171
1700 45 25 5 10 15 0 90 4616 2.8 1.3 46
1701 40 30 0 5 20 5 87 4621 3.6 1.5 72
1702 45 20 15 5 10 5 82 4637 3.5 1.3 68
1703 45 25 5 20 0 5 88 4638 2.8 1.3 72
1704 40 30 0 15 5 10 90 4642 3.7 1.5 100
1705 45 20 10 10 0 15 87 4659 4.2 1.3 111
1706 40 25 5 5 5 20 87 4663 5.1 1.4 136
1707 45 25 5 5 20 0 90 4687 3.0 1.4 44
1708 40 30 0 0 25 5 85 4691 3.8 1.6 70
1709 50 20 10 20 0 0 85 4704 2.2 1.1 42
1710 45 20 15 0 15 5 83 4705 3.7 1.3 66
1711 45 25 5 15 5 5 89 4707 3.0 1.3 70
1712 40 30 0 10 10 10 88 4710 3.9 1.5 96
1713 45 20 10 5 5 15 87 4737 4.4 1.3 108
1714 40 25 5 0 10 20 86 4740 5.3 1.5 132
1715 45 25 5 0 25 0 88 4766 3.2 1.4 42
138
1716 40 25 0 5 0 30 82 4782 5.9 1.4 162
1717 45 25 5 10 10 5 89 4782 3.2 1.4 67
1718 40 30 0 5 15 10 87 4783 4.1 1.5 93
1719 45 20 15 5 5 10 81 4793 4.0 1.3 91
1720 45 20 10 0 10 15 87 4823 4.6 1.3 104
1721 45 30 0 25 0 0 89 4833 2.1 1.4 49
1722 40 25 5 5 0 25 86 4837 5.5 1.5 155
1723 40 30 0 0 20 10 85 4863 4.3 1.6 90
1724 45 25 5 5 15 5 89 4864 3.4 1.4 65
1725 45 20 15 0 10 10 82 4869 4.2 1.4 88
1726 45 25 5 15 0 10 88 4875 3.5 1.3 91
1727 45 25 10 5 15 0 84 4902 3.0 1.4 43
1728 45 30 0 20 5 0 90 4909 2.3 1.4 47
1729 40 25 5 0 5 25 85 4924 5.7 1.5 149
1730 45 20 10 5 0 20 86 4927 4.8 1.3 127
1731 45 25 5 0 20 5 88 4954 3.6 1.4 62
1732 45 25 5 10 5 10 88 4961 3.7 1.4 88
1733 50 20 10 15 0 5 85 4964 2.8 1.2 62
1734 45 25 10 0 20 0 85 4982 3.2 1.5 41
1735 45 30 0 15 10 0 90 4990 2.5 1.4 45
1736 45 20 15 0 5 15 80 5045 4.6 1.4 108
1737 40 30 0 0 15 15 84 5049 4.7 1.6 109
1738 40 30 0 10 0 20 87 5050 4.8 1.5 136
1739 45 25 5 5 10 10 88 5054 3.9 1.4 85
1740 45 25 10 5 10 5 83 5068 3.4 1.4 65
1741 45 30 0 20 0 5 89 5078 2.7 1.4 69
1742 45 30 0 10 15 0 89 5079 2.7 1.5 43
1743 40 25 5 0 0 30 84 5124 6.1 1.5 167
1744 40 30 0 5 5 20 85 5144 4.9 1.6 132
1745 45 25 5 10 0 15 87 5152 4.1 1.4 108
1746 45 25 5 0 15 10 87 5157 4.0 1.4 82
1747 45 25 10 0 15 5 84 5157 3.6 1.5 63
1748 45 30 0 15 5 5 89 5170 2.9 1.5 67
1749 45 30 0 5 20 0 87 5176 2.9 1.5 41
1750 50 25 5 20 0 0 86 5178 2.1 1.3 40
1751 45 20 10 0 0 25 84 5246 5.5 1.3 140
1752 40 30 0 0 10 20 84 5248 5.1 1.6 128
1753 45 25 5 5 5 15 87 5259 4.3 1.4 104
1754 50 20 15 0 15 0 81 5265 2.9 1.3 34
1755 45 30 0 10 10 5 88 5270 3.1 1.5 64
1756 50 25 5 15 5 0 87 5281 2.3 1.3 38
1757 45 30 0 0 25 0 85 5282 3.0 1.5 40
1758 45 25 10 0 10 10 82 5345 4.0 1.5 84
1759 45 30 0 15 0 10 88 5362 3.4 1.5 88
1760 45 25 5 0 10 15 86 5377 4.5 1.4 101
1761 45 30 0 5 15 5 87 5380 3.3 1.5 62
1762 50 25 5 10 10 0 88 5394 2.4 1.3 37
1763 45 30 0 10 5 10 87 5475 3.5 1.5 85
1764 45 25 5 5 0 20 86 5479 4.7 1.4 123
1765 50 25 5 15 0 5 86 5492 2.7 1.3 60
1766 45 30 0 0 20 5 85 5500 3.5 1.5 60
139
1767 50 25 5 5 15 0 88 5519 2.6 1.3 35
1768 45 30 0 5 10 10 86 5599 3.7 1.5 82
1769 45 25 5 0 5 20 85 5614 4.9 1.4 118
1770 50 25 5 10 5 5 87 5621 2.9 1.3 57
1771 50 20 10 5 0 15 85 5637 4.1 1.2 96
1772 50 25 5 0 20 0 87 5658 2.8 1.4 33
1773 50 25 10 5 10 0 81 5673 2.6 1.4 34
1774 50 30 0 20 0 0 87 5698 1.9 1.4 38
1775 45 30 0 0 15 10 85 5736 3.9 1.5 79
1776 50 25 5 5 10 5 87 5763 3.1 1.3 55
1777 50 20 10 0 5 15 85 5793 4.3 1.3 92
1778 50 25 10 0 15 0 82 5802 2.8 1.4 32
1779 50 30 0 15 5 0 88 5832 2.1 1.4 36
1780 50 25 5 10 0 10 86 5865 3.3 1.3 77
1781 45 25 5 0 0 25 84 5871 5.3 1.4 135
1782 50 25 5 0 15 5 86 5920 3.3 1.4 53
1783 50 30 0 10 10 0 88 5979 2.3 1.4 34
1784 50 25 5 5 5 10 86 6026 3.5 1.4 74
1785 55 20 10 10 0 5 83 6064 2.7 1.2 51
1786 50 30 0 15 0 5 86 6074 2.6 1.4 57
1787 50 20 10 0 0 20 83 6082 4.7 1.3 110
1788 50 30 0 5 15 0 87 6141 2.5 1.5 33
1789 50 25 5 0 10 10 85 6206 3.7 1.4 71
1790 50 30 0 10 5 5 86 6240 2.8 1.4 55
1791 55 25 5 15 0 0 84 6282 1.9 1.3 30
1792 50 25 5 5 0 15 84 6312 3.9 1.4 93
1793 50 30 0 0 20 0 86 6322 2.7 1.5 31
1794 50 30 0 5 10 5 86 6424 2.9 1.5 53
1795 55 25 5 10 5 0 85 6474 2.1 1.3 28
1796 50 25 5 0 5 15 84 6517 4.1 1.4 89
1797 55 20 10 5 0 10 82 6576 3.3 1.2 67
1798 50 25 0 5 0 20 84 6580 4.4 1.3 104
1799 50 30 0 0 15 5 85 6629 3.1 1.5 50
1800 55 25 5 5 10 0 85 6689 2.3 1.3 27
1801 55 25 5 10 0 5 83 6793 2.5 1.3 48
1802 55 20 10 0 5 10 83 6819 3.5 1.2 64
1803 50 25 5 0 0 20 82 6859 4.6 1.4 106
1804 55 25 5 0 15 0 85 6932 2.5 1.3 26
1805 55 25 5 5 5 5 84 7038 2.7 1.3 46
1806 55 25 0 10 0 10 87 7191 3.0 1.2 64
1807 55 20 10 0 0 15 81 7212 3.9 1.2 81
1808 50 25 0 0 0 25 81 7306 5.0 1.3 114
1809 55 25 5 0 10 5 84 7316 2.9 1.3 44
1810 60 20 10 5 5 0 81 7411 2.1 1.1 21
1811 55 25 5 5 0 10 82 7422 3.2 1.3 64
1812 55 25 0 5 5 10 85 7531 3.2 1.2 62
1813 55 25 5 0 5 10 82 7742 3.3 1.3 62
1814 60 20 10 0 10 0 82 7747 2.3 1.2 20
1815 60 25 0 15 0 0 88 7871 1.6 1.1 24
1816 55 25 0 0 10 10 83 7928 3.4 1.3 59
1817 55 25 0 5 0 15 85 8051 3.6 1.3 77
140
1818 60 25 0 10 5 0 88 8288 1.8 1.2 22
1819 60 25 5 5 5 0 80 8429 1.9 1.3 20
1820 55 25 0 0 5 15 83 8523 3.8 1.3 74
1821 60 25 0 5 10 0 86 8781 1.9 1.2 21
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